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10-” meter 


GeV 
3.7 X10" dps-2.22 1012 dpm 


counts per minute 
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disintegrations per second 

electron voit 1.6 X10- 

3.527 X10-? ounces= 
2.205 X10-* pounds 

cycle per second 


39.4 inches= 3.28 feet 
cubic meter(s) 
mCi/mi?_-_| millicuries per square mile____| 0.386 nCi/m* (mCi/km*) 
mi mile(s) 
milliliter(s) 
nanocuries per square meter__| 2.59 mCi/mi? 
roentgen 
unit of absorbed radiation 
dose 100 ergs/g 
revolutions per minute 
second 


year 
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pretation of data on environmental 
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Radiation Office of the Environ- 
mental Protection Agency which 
was established by this reorganiza- 
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Reports 


Environmental Monitoring and Disposal of Radioactive Wastes From U.S. 
Naval Nuclear-Powered Ships and Their Support Facilities, 1973° 


M. E. Miles, G. L. Sjoblom, and J. D. Eagles* 


The environmental effect of disposal of radioactive wastes teens 
from U.S. Naval nuclear propulsion plants and their support facilities 
is assessed. The total radioactivity, less tritium discharged to all ports 
and harbors from the more than 100 Naval nuclear-powered ships and 
supporting tenders, Naval bases and shipyards was less than 0.002 curie 
in 1973. The total tritium released to all ports and harbors was less than 
1 curie in 1973. This report confirms that procedures used by the Navy 
to control releases of radioactivity from U.S. Naval nuclear-powered 
ships and their support facilities are effective in protecting the environ- 
ment and the health and safety of the general public. 


The radioactivity in wastes discussed in this 
report originates in the pressurized water re- 
actors of 103 U.S. Naval nuclear-powered sub- 
marines and 4 nuclear-powered surface ships 
in operation. Support facilities involved in con- 
struction, maintenance, overhaul and refueling 
of these nuclear propulsion plants include 9 
shipyards, 11 tenders, and 2 submarine bases. 
This report describes disposal of radioactive 
liquid wastes, disposal of solid wastes and mon- 
itoring of the environment to determine the 
effect of radioactive releases. This report con- 
cludes that radioactivity associated with U.S. 
Naval nuclear-powered ships has had no sig- 
nificant or discernible effect on the quality of 
the environment. A summary of the radiolog- 
ical environmental information supporting this 
conclusion follows. 

From the start of the Naval nuclear propul- 
sion program, the policy of the U.S. Navy has 
been to reduce to the minimum practicable, the 
amounts of radioactivity released into harbors. 
Navy procedures to accomplish this have been 
reviewed with the U.S. Atomic Energy Com- 
mission (AEC) and the U.S. Environmental 
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* Nuclear Power Directorate, Naval Ship Systems 
Command, Department of the Navy. 
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Protection Agency (EPA). The total radioac- 
tivity discharged within 12 miles from shore 
from all U.S. Naval nuclear-powered ships and 
their support facilities in recent years is shown 
in table 1. 


Table 1. Total radioactivity discharged within 12 miles 
from shore from all U.S. Naval nuclear-powered ships 
and their support facilities, 1969-1973 





Number of 
ships in 
operation 

















As a measure of the significance of these 
data, if one person were able to drink the en- 
tire amount of radioactivity discharged into 
any harbor in 1973, he would not exceed the 
annual radiation exposure permitted by the U.S. 
Atomic Energy Commission for its employees 
and licensees. 

Although of less significance than the amount 
of radioactivity released, table 1 shows the 
volume of liquids released within 12 miles has 
been reduced from millions of gallons per year 
to less than 25 thousand gallons in 1973. This 
reduction was achieved by reduction of waste 
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generation and by processing and reuse of 
wastewater. 

Environmental monitoring is conducted by 
the U.S. Navy in United States and foreign 
harbors frequented by U.S. naval nuclear- 
powered ships. This monitoring consists of 
analyzing harbor water and sediment samples 
for radioactivity associated with naval nuclear 
propulsion plants, radiation monitoring around 
the perimeter of support facilities and effluent 
monitoring. Environmental samples from each 
of these harbors are also checked at least an- 
nually by an AEC laboratory to ensure that ana- 
lytical procedures are correct and standardized. 
The EPA has conducted independent surveys 
in United States harbors; results have been 
consistent with Navy results. These surveys 
have confirmed that U.S. naval nuclear-powered 
ships and support facilities have had no sig- 
nificant effect on the radioactivity of the ma- 
rine environment. 


Radioactive liquid waste disposal 


Policy and procedures minimizing release of 


radioactivity in harbors 


The policy of the U.S. Navy is to reduce to 
the minimum practicable the amounts of radio- 
activity released to the environment but par- 
ticularly within 12 miles from shore including 
into harbors. This policy is consistent with 
applicable recommendations issued by the Fed- 
eral Radiation Council (incorporated in EPA 
in 1970), U.S. Atomic Energy Commission, 
National Council on Radiation Protection and 
Measurements, International Commission on 
Radiological Protection, International Atomic 
Energy Agency, and National Academy of Sci- 
ences—National Research Council (1-7). Keep- 
ing releases small minimizes the radioactivity 
available to build up in the environment or to 
concentrate in marine life. To implement this 
policy of minimizing releases, the Navy has 
issued standard instructions defining the radio- 
active waste disposal limits and procedures to 
be used by U.S. Naval nuclear-powered ships 
and their support facilities. These instructions 
were reviewed and concurred in by the AEC 
and the U.S. Public Health Service. (The radio- 
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logical surveillance organization of U.S. Public 
Health Service has since been moved to the 
U.S. Environmental Protection Agency.) 


Source of radioactivity 


In the shipboard reactors, pressurized water 
circulating through the reactor core picks up 
the heat of nuclear reaction. Reactor cooling 
water circulates through a closed piping sys- 
tem to heat exchangers which transfer the heat 
to water in a secondary steam system isolated 
from the primary cooling water. The steam 
is then used as the source of power for the 
propulsion plant as well as for auxiliary ma- 
chinery. Releases from the shipboard reactors 
occur primarily when reactor coolant water 
expands as a result of being heated to oper- 
ating temperature; this coolant passes through 
a purification system ion exchange resin bed 
prior to being transferred from the ship. 

The principal source of radioactivity in liquid 
wastes is from trace amounts of corrosion and 
wear products from reactor plant metal sur- 
faces in contact with reactor cooling water. 
Radionuclides with half-lives greater than 1 
day in these corrosion and wear products in- 
clude tungsten-187, chromium-51, hafnium- 
181, iron-59, iron-55, zirconium-95, tantalum- 
182, manganese-54, cobalt-58, and cobalt-60. 
The predominant and also longest-lived of these 
is cobalt-60, which has a 5.3 year half-life; 
cobalt-60 also has the most restrictive concen- 
tration limit in water listed by organizations 
which set radiological standards (1-3) for 
these corrosion and wear radionuclides. There- 
fore, radioactive waste disposal is conserva- 
tively controlled by assuming that all the long- 
lived radioactivity is cobalt-60. 

Support facilities are equipped with process- 
ing systems to remove most of the radioactiv- 
ity from liquid waste prior to release into 
harbors. These liquid wastes result from trans- 
ferring water from ships as well as decon- 
taminating radioactivity contaminated piping 
systems and laundering anticontamination 
clothing worn by personnel. 


Liquid waste releases in harbors 


The total amounts of long-lived radioactiv- 
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ity released into harbors and seas within 12 
miles from shore during the past 5 years are 
summarized in table 2, which updates infor- 
mation in references 8 through 15. Included 
are data on releases from U.S. nuclear-powered 
ships and from supporting shipyards, tenders 
and submarine bases. Locations listed in table 
2 include all operating bases and home ports in 
the United States and overseas as well as all 
other ports which were visited by Naval 
nuclear-powered ships. The quantities of radio- 
activity listed in this table are conservatively 
reported as if the entire radioactivity con- 
sisted of cobalt-60, which is the predominant 
long-lived radionuclide and also has the most 
stringent concentration limits. 


Although of less significance than the amount 
of radioactivity, the volume of waste has also 
been reduced. The average volume released 
into all harbors in the middle 1960’s was 5 mil- 
lion gallons per year. In 1973, the volume re- 
leased was less than 25000 gallons. This re- 
duction was achieved by reduction of waste 
generation and by processing and reuse of 
waste water. 

The table shows that the total amount of 
radioactivity released within all United States 
and foreign harbors by the more than 100 
nuclear-powered ships in the U.S. Navy has 
been less than 0.002 curie per year since 1970. 
To put this small quantity of radioactivity into 
perspective, it is less than the quantity of 
naturally occurring radioactivity (16) in the 
volume of saline harbor water occupied by a 
single nuclear-powered submarine. 


Short-lived radionuclides 


Reactor coolant also contains short-lived 
radionuclides with half-lives of seconds to 
hours. Their highest concentrations in reactor 
coolant are from nitrogen-16 (7 second half- 
life), nitrogen-13 (10 minute half-life), fiuo- 
rine-18 (1.8 hour half-life), argon-41 (1.8 hour 
half-life), and manganese-56 (2.6 hour half- 
life). During 1973, the total quantity of these 
short-lived radionuclides was less than 0.001 
curie in any release from any ship. For the 
longest-lived of these, about 1 day after dis- 
charge from an operating reactor, the concen- 
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Figure 1. 


Environmental monitoring locations at the 


U.S. Naval Air Station, Alameda, Calif. 


tration is reduced to one thousandth of the 
initial concentration and in about 2 days, the 
concentration is reduced to one millionth. 
Most liquid releases from ships during new 
construction occur during heating up, prior to 
extensive power operation of the reactor and 
before any buildup of long-lived radionuclides 
in reactor coolant can occur. The total short- 
lived radioactivity of such releases in 1973 was 
less than 0.001 curie in 16 thousand gallons of 
water ; these releases are included in table 2. 


Fission product radionuclides 


Fission products produced in the reactor are 
retained within the fuel elements. The fission 
gases, krypton and xenon, are also retained 
within the fuel elements. However, trace quan- 
tities of naturally occurring uranium impuri- 
ties in reactor structural materials release 
small amounts of fission products to reactor 
coolant. The concentrations of fission products 
and the volumes of reactor coolant released 
are so low, however, that the total radioactivity 
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attributed to long-lived fission product radio- 
nuclides, strontium-90 and cesium-137, in re- 
leases from U.S. Naval nuclear-powered ships 
and their support facilities has been less than 
0.001 curie per year for all harbors combined. 
Fallout of these same fission products has often 
been more than this in one rainfall in a single 
harbor. 


Tritium 

Small amounts of tritium are formed in re- 
actor coolant systems as a result of neutron 
interaction with the approximately 0.015 per- 
cent of naturally occurring deuterium present 
in water, and other nuclear reactions. Although 
tritium has a 12-year half-life, the radiation 
produced is of such low energy that its radio- 
activity concentration guide issued by the Inter- 
national Commission on Radiological Protec- 
tion, the AEC and by other standard-setting 
organizations is 100 times higher than the con- 
centration guide for cobalt-60. This tritium is 
in the oxide form and chemically indistinguish- 
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Figure 2. Environmental monitoring locations at the Hunters Point 
Naval Shipyard, San Francisco, Calif. 


able from water; therefore it does not concen- 
trate significantly in marine life or collect on 
sediment as do other radionuclides. 

Tritium is naturally present in the environ- 
ment because it is generated by cosmic radia- 
tion in the upper atmosphere. Reference 17 re- 
ports that the production rate from this source 
is about 6 million curies per year, which 
through rainfall causes a tritium inventory in 
the oceans of about 100 million curies. Because 
of this naturally occurring tritium, much larger 
releases of tritium than are conceivable from 
Naval nuclear reactors would be required to 
make a measurable change in the background 
tritium concentration. 
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The total amount of tritium released during 
each of the last 5 years from all U.S. Naval 
nuclear-powered ships and their supporting 
tenders, bases, and shipyards has been less 
than 200 curies. Most of this has been into the 
ocean more than 12 miles from shore. This 
total tritium from the entire nuclear Navy is 
less than typical electrical generating nuclear 
power stations release each year (18,19). Total 
tritium released into harbors within 12 miles 
was less than 1 curie in 1973. Such releases are 
too small to increase measurably the tritium 
concentration in the environment. Therefore, 
tritium has not been included in the data in 
other sections of this report. 





Liquid waste releases at sea 


Radioactive liquid wastes are released at sea 
under strict controls. These ocean releases are 
consistent with recommendations the Council 
on Environmental Quality made in 1970 to the 
President in reference 20. Procedures and lim- 
its for ocean dis, sal have been consistent with 
recommendations made by the National Acad- 
emy of Sciences—National Research Council 
in reference 5 and by the International Atomic 
Energy Agency in reference 6. These releases 
have contained much less radioactivity than 


these reports considered would be acceptable. 
Total long-lived radioactivity excluding trit- 
ium, released farther than 12 miles from shore 
by U.S. Naval nuclear-powered ships and sup- 
porting tenders, is shown in table 3 for recent 
years. This is the total amount released from 
over 100 ships at different times of the year 
in the open sea at long distances from land in 
small incremental amounts, and under rapid 
dispersal conditions due to wave action. The 
quantity of radioactivity released to the open 
ocean in 1973 was 0.4 curie, which is less than 
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Figure 3. Environmental monitoring locations at the Mare Island 
Naval Shipyard, Vallejo, Calif. 
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Figure 4. Environmental monitoring survey chart, Long Beach harbor, Calif. 


Table 3. Total radioactive liquid waste released at sea 
by all U.S. Naval nuclear-powered ships and supporting 
tenders 





Radio- 
activity 
less 
tritium 
(curies) 
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the naturally occurring radioactivity in a cube 
of sea water approximately 100 yards on a 
side. 


Solid radioactive waste disposal 


During maintenance and overhaul opera- 
tions, solid low-level radioactive wastes con- 
sisting of contaminated rags, plastic bags, 
paper, filters, ion exchange resin and scrap 
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materials are collected by nuclear-powered 
ships and their support facilities. Expended 
naval reactor fuel is transferred to the U.S. 
Atomic Energy Commission for reprocessing 
in the same manner as other expended nuclear 
fuel. 

Solid radioactive materials from Naval 
nuclear-powered ships are not dumped at sea 
since the Navy procedures prohibit sea dis- 
posal of solid radioactive materials. Solid radio- 
active waste materials are packaged in strong 
tight containers, shielded as necessary and 
shipped to burial sites licensed by the AEC or 
a State under agreement with AEC. Shipyards 
and other shore facilities are not permitted to 
dispose of radioactive solid wastes by burial 
on their own sites. The Navy procedures re- 
quire all packaging and shipping of radioactive 
materials to be performed in strict compliance 
with U.S. Department of Transportation and 
AEC requirements. 

Table 4 summarizes total radioactivity and 
volumes of radioactive solid waste disposal for 
the last 5 years. Table 4 does not include wastes 
associated with expended fuel which is proc- 
essed in special facilities by the AEC. 

Because of efforts to minimize solid waste 
and the utilization of compaction equipment, 
total volumes have remained nearly constant 
in spite of increasing work caused by increas- 
ing number of ships. The average annual vol- 
ume for the entire Naval nuclear propulsion 
program could be contained in a cube measur- 
ing 15 yards on a side. The radioactivity does 
not require excessively long time care in the 
licensed burial ground since the principal ra- 
dionuclides do not have half-lives longer than 
5 years. In 100 years, such radioactivity will 
have decayed to 1 millionth the initial radio- 
activity. In less than 200 years, the total of 
all radioactivity conservatively asumed to be 
cobalt-60 in table 4 will have decayed to less 
than 1 millionth of a curie and would not be 
detectable in the burial grounds using sensitive 
monitoring instruments. 


Environmental monitoring 


To provide additional assurance that pro- 
cedures used by the U.S. Navy to control 
radioactivity are adequate to protect the en- 
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Environmental monitoring survey chart, Long Beach, California, 


Anaheim Bay area 


vironment, the Navy conducts environmental 
monitoring in harbors frequented by its nu- 
clear-powered ships. Environmental monitor- 
ing surveys for radioactivity are periodically 


performed in harbors where U.S. Naval 
nuclear-powered ships are built or overhauled 
and where these ships have home ports or 
operating bases. To ensure thoroughness and 
objectivity, these surveys are made as inde- 
pendent as practicable from waste disposal 
operations. Samples from each harbor mon- 
itored are also checked at least annually by an 
AEC laboratory to ensure analytical proce- 
dures are correct and standardized. These AEC 
laboratory results have been consistent with 
shipyard and operating base results. As a 
further independent check of environmental 
monitoring, a laboratory of the Environmental 
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Protection Agency has conducted detailed sur- 
veys of selected harbors (21-24). This labora- 
tory has monitored the harbors at Charleston, 
S.C.; Pearl Harbor, Hawaii; San Diego, Calif. ; 
Vallejo, Calif.; New London, Conn.; Newport 
News, Va.; and Norfolk, Va. Navy monitoring 
results have been consistent with these surveys. 

The current Navy environmental monitor- 
ing program consists of analyzing samples of 
harbor water and sediment, supplemented by 
shoreline surveys, posted dosimeters, and efflu- 
ent monitoring. 

Five water samples are taken in each harbor 
once each quarter year in areas where nuclear- 
powered ships berth and from upstream and 
downstream locations. These samples are ana- 
lyzed for gross gamma radioactivity and for 
cobalt-60 content. Samples are analyzed using 
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Environmental monitoring survey chart, San Diego Bay, Calif. 
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Figure 7. Environmental monitoring survey chart, 


634 


Ballast Point, San Diego harbor, Calif 


a sodium iodide scintillation detector with a 
multichannel analyzer. Procedures for analysis 
will detect cobalt-60 if its concentration ex- 
ceeds one three hundredth of the AEC limit 
(1). No cobalt-60 has been detected in any of 
the water samples from all harbors monitored. 

A radiological laboratory now part of the 
Environmental Protection Agency analyzed 
samples from harbors to identify radionuclides 
present in sediment. These analyses showed 
cobalt-60 was the predominant radionuclide 
added to sediment from Naval nuclear reactor 
operations. Therefore, Navy monitoring proce- 
dures require collecting in each harbor approx- 
imately 20 to 120 sediment samples once each 
quarter year. Standard 6-inch square samplers 
modified to collect only the top 1% to 1 inch 
of sediment are used. The top layer was se- 
lected because it should be more mobile and 
more accessible to marine life than deeper 
layers. The samples are analyzed for gross 
gamma radioactivity and for cobalt-60. Results 
of the 2967 sediment samples from harbors 
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Figure 9. Environmental monitoring 
survey, U.S. Naval Submarine Support 
Facility, New London harbor, Conn. 
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Figure 10. Environmenta! monitoring survey chart, State Pier, 
New London, Conn. 
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Fig. 11. Environmental monitoring survey chart, 
Port Canaveral, Fla. 


monitored by the Navy in the United States 
and possessions for 1973 are summarized in 
table 5. 

Figures 1 through 26 show environmental 
monitoring survey charts of U.S. ports and 
harbors. 
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Evaluation of the data summarized in table 
5 shows that low-level cobalt-60 radioactivity 
in harbor bottom sediment is detected around 
a few piers at operating bases and shipyards 
where nuclear-powered ship maintenance and 
overhauls have been conducted over a period 
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Table 5. 


Summary of 1973 surveys for cobalt-60 in bottom sediment of U.S. harbors where U.S. Naval nuclear- 


powered ships have been regularly based, overhauled or built 





Number of samples with cobalt-60 


Total bottom 
area with 


Estimated total 
cobalt-60 in top 





Facility 


<3 
(pCi/g)* 


cobalt-60 over 
3 pCi/g* 
(pCi/g) (km?) 


layer of 
3-30 >80-300 
(pCi/g)» 





Portsmouth, N.H.; Naval Shipyard 

Groton, New London, Conn; Electric Boat Division, State Pier and 
Submarine Base 

Newport News, Va; Newport News Shipbuilding -- 

Norfolk, Va; Naval Shipyard and Base 

Charleston, Ss. C.; Naval Shipyard and Bases 

Pascagoula, Miss; I Ingalls Nuclear Division 

San Diego, Calif; Navy Piers at Ballast Point 

Long Beach, Calif; Naval Shipyard and Base_-__ 

Vallejo, Calif; Mare Island Naval Ship oe ih italian wnstirienads 

Bremerton, Wash; Naval Shipyard an 

Pear! Harbor, Hawaii; Naval oe ons Sub Base 

Apra Harbor, Guam 

Port Canaveral, Fla 











oovococoooos i=) 
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* Minimum detectable radioactivity is approxiately 1 pCi’/g wet weight. Results in units of pCi/em? range from 2 to 4 times the value of pCi/g. 


> Maximum radicactivity in these samples was 19 pCi/ 


© One square kilometer is approximately equal to 0.4 square mile. Areas with cobalt-60 over 3 pCi/g were in immediate vicinity of piers used for berthing 


nuclear-powered ships. 


4 Where total cobalt-60 in the surface sediment layer is less than 0.01 curie, ND is reported. Samples more than 1 foot deep from several harbors show 
that total cobalt-60 present may be 2 to 5 times that measured in the surface layer. 


of several years. Cobalt-60 is not detectable 
above background levels in general harbor 
bottom areas away from these piers. Maximum 
total radioactivity observed in a U.S. harbor 
is less than 0.1 curie of cobalt-60. This radio- 
activity is small compared to background, since 
the quantity of naturally occurring radioactiv- 
ity such as potassium-40, radium, uranium and 
thorium present in the sediment of a typical 
harbor amounts to hundreds of curies. Com- 
parison to previous environmental monitoring 
data in references 8 through 15 shows that 
these environmental cobalt-60 levels have been 
steadily decreasing. 

The first data column in table 5 includes all 
samples with less than 3 picocuries of cobalt- 
60 per gram of sediment. These low levels are 
difficult to measure because the levels of ra- 
dioactivity in sediment from other sources are 
much higher. The value of 30 picocuries per 
gram was selected for the top of the second 
range of data since it corresponds to the upper 
limit for exposure in references 1 and 3, even 
if consumed continuously by members of the 
general public. Although sediment cannot be 
consumed by humans, it might serve as a food 
source for marine life. Data on uptake of 
cobalt-60 by marine life obtained to date show 
that in the salt water harbor bottom environ- 
ments, no significant buildup of cobalt-60 oc- 
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curs in marine life. EPA evaluation in refer- 
ence 23 shows that the cobait-60 is in the form 
of metallic corrosion product particles which 
do not appear to be assimilated or transmitted 
in the food chain. The third range of up to 300 
picocuries per gram is selected as a range 
which would not cause members of the gen- 
eral public to receive radiation exposure ap- 
proaching the values set in references 1-4. 
Concentrations of cobalt-60 up to 300 pico- 
curies per gram are so low that the AEC does 
not require those who might possess them to 
be licensed. If concentrations higher than 300 
picocuries per gram were to persist over sub- 
stantial areas of a harbor bottom, further 
monitoring would be performed to determine 
if any of this radioactivity were being taken 
up by marine life for eventual consumption 
in food. Because of the low concentrations 
noted in table 5, monitoring of radioactivity 
in marine life has not been necessary as part 
of routine environmental monitoring programs 
in these harbors. 

Estimates of the radiation exposure to mem- 
bers of the general public from radioactivity re- 
leased into river and harbor waters and sediment 
and in air exhausted from facilities have been 
made as discussed in references 16 and 25 by 
analyzing the pathways whereby radioactivity 
might be transmitted from the marine environ- 
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Figure 12. Environmental monitoring survey chart, Mariannas, Guam 
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Figure 13. Overall map of Pearl Harbor, showing 
environmental monitoring locations in other areas of 


Pearl Harbor 


ment to man. These analyses considered direct 
exposure, such as to sediment along shorelines 
and by drinking harbor water, and indirect 
pathways such as consumption of bottom feed- 
ing fish or shellfish. These analyses showed 
that personal exposure from this radioactivity 
would be far too low to measure and could only 
be estimated. Based on radioactivity released, 
including the amounts and concentrations re- 
ported in table 2, the maximum radiation ex- 
posure in a year to any member of the general 
public would be less than 0.01 mrem. This is 
less than one ten-thousandth of the average 
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Figure 14. Environmental monitoring locations, 


Pearl Harbor Naval Shipyard 


annual exposure of 125 mrem (7) to members 
of the general public from natural radioactiv- 
ity or from exposure to medical diagnostic 
x-rays. Reference 26 contains proposed guide- 
lines for effluents from water-cooled nuclear 
power reactors including more restrictive ex- 
posure limits of 5 mrem per year for members 
of the public outside the facility. These new 
guidelines do not apply to nuclear-powered 
ships and support facilities; however, the dose 
from radioactivity releases from these facilities 
as estimated above is far less than the new 
guidelines. 





For comparison, references 27 and 28 con- 
tain evaluations by AEC laboratories of the 
effects on the environment from the accumula- 
tion near points of discharge of radionuclides 
from several nuclear reactors. These reports 
rR conclude for these other reactors that radio- 

> N activity levels much greater than shown in 
table 5 have caused no significant radiation 
exposure to the general public. 

In all monitored harbors, shoreline areas 
uncovered at low tide are surveyed twice per 
year for radiation levels with sensitive radia- 
tion detectors to determine if any radioactivity 
from bottom sediment washed ashore. All re- 
sults were the same as background radiation 
levels in these regions, approximately 0.01 
millirem per hour. Thus, there is no evidence 
in these ports that radioactivity from sediment 
is washing ashore. 

Sensitive dosimeters are continuously posted 
at locations outside the boundaries of areas 
where radioactive work is performed. These 
dosimeters showed that radiation exposure to 
the general public from radioactive work on 
Naval nuclear propulsion plants within these 


























facilities was not above that received from 
natural background radiation levels. 

Naval nuclear reactors and their support 
facilities are designed to ensure there are no 
Wendl Mica Haak dlicimetes Cone significant discharges of radioactivity in air- 











Figure 15. Environmental monitoring locations, 
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Figure 16. Ingalls Shipbuilding environmental monitoring survey 
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Figure 17. Environmental monitoring, Portsmouth Naval Shipyard, 
Portsmouth-Kittery harbor 
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Figure 18. Environmental monitoring survey, Figure 19. Charleston Naval Shipyard 


Charleston Naval Station 
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Figure 21. Environmental monitoring survey locations, 


Figure 20. Naval Weapons Station, Charleston, S.C. Newport News Shipbuilding and Dry Dock Company 
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Figure 22. Environmental monitoring, Norfolk Naval Shipyard, 
Portsmouth, Va. 
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Figure 23. Norfolk Naval Station, destroyer, and submarine piers, Norfolk, Va. 
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Figure 24. Shoreline radiation survey locations, Norfolk, Va. 
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Figure 25. Environmental monitoring locations, Puget Sound Naval Shipyard, 
Bremerton, Wash. 
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Figure 26. Environmental monitoring locations, Hood Canal, Bangor, Wash. 


borne exhausts. Radiological controls are exer- _ties is passed through high efficiency particu- 
cised in support facilities to preclude exposure _late air filters and monitored during discharge. 
of working personnel to airborne radioactivity There were no discharges in airborne radio- 
exceeding limits such as specified in reference activity above concentrations normally present 
1. Further, all air exhausted from these facili- in the atmosphere. 
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Conclusions 


The total radioactivity, less tritium, released 
into all ports and harbors from the U.S. Naval 
nuclear propulsion program was less than 0.002 
curie in 1973. The total tritium released into all 
ports and harbors was less than 1 curie in 1973. 

No increase of radioactivity above normal 
background levels has been detected in harbor 
water where U.S. Naval nuclear-powered ships 
are based, overhauled, or constructed. 

Liquid wastes from U.S. Naval nuclear- 
powered ships and support facilities have not 
caused a measurable increase in the general 
background radioactivity of the environment. 

Low-level cobalt-60 radioactivity in harbor 
bottom sediment is detectable around a few 
piers at operating bases and shipyards where 
nuclear-powered ship maintenance and over- 
hauls have been conducted over a period of 
several years. Cobalt-60 is not detectable above 
background levels in general harbor bottom 
areas away from these piers. Maximum total 
radioactivity observed in a U.S. harbor of less 
than 0.1 curie of cobalt-60 is small compared 
to the naturally occurring radioactivity. Com- 
parison to previous environmental data sum- 
marized in references 8 through 15 shows that 
these environmental cobalt-60 levels are con- 
tinuing to decrease. 

Procedures used by the Navy to control dis- 
charges of radioactivity from U.S. Naval 
nuclear-powered ships and their support fa- 
cilities have been effective in protecting the 
environment and the health and safety of the 
general public. 
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Radionuclides in Foods: Monitoring Program 


R. E. Simpson, E. J. Baratta, and C. F. Jelinek' 


In January 1973, the Food and Drug Administration notified its food 
monitoring program to include the radionuclides strontium-90, cesium- 
137, iodine-131, ruthenium-106, and potassium-40. Samples from ei ht 
composite food categories from each of eight separate total diet market 
baskets plus eight imported commodities from each of 13 separate cities 
were forwarded to the Winchester Engineering and Analytical Center 
for analysis. This paper describes the market basket program and gives 
a breakdown of the types of foods and quantities of each. , ‘ 

The radionuclide levels found in the total diets analyzed in Fiscal 
Year 1973 are within Range I of the a guidelines, indicating 
the need for continued surveillance only at the present level. } - 

The levels of radionuclides found in the limited types of edible im- 
ported commodities are low enough such that their contribution to the 
total diet would not be expected to raise the levels of these radionuclides 


above Range I of the guides. 


In 1961, the Food and Drug Administration 
(FDA) initiated a program to monitor radio- 
activity, nutrients, and pesticides in the teen- 
age total diet (1,2). This was expanded in 1964 
to include the analysis for trace elements (2). 
In addition to the FDA, six other Federal, State 
and private organizations have conducted mon- 
itoring programs for radionuclides in foods in 
the past (4). A statistical study of data re- 
ported under these programs indicated all par- 
ticipating organizations were obtaining con- 
cordant results, which showed that the radio- 
activity levels in foods were below levels that 
would require protective action, and were 
declining as a result of the Test Ban Treaty. 
Because of this downward trend, and to pre- 
vent duplication of effort, FDA decided in 1969 
to discontinue monitoring radionuclides in 
foods. 


In accordance with the President’s Reorga- 


* Robert E. Simpson, Bureau of Radiological Health, 


Food and Drug Administration, 5600 Fishers Lane, 
Rockville, Md. 20852. HFX-320: E. J. Baratta, chief, 
Analytical Quality Control System, Winchester Engi- 
neering and Analytical Center, 109 Holton St., Win- 
chester, Mass. 01890; Charles F. Jelinek, Division of 
Chemical Technology, Bureau of Foods, Room 4013, 
FOB No. 8. Washington, D.C. 
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nization Plan 3 of June 1970, the Institutional 
Diet Program (5) of the Bureau of Radiolog- 
ical Health was transferred to the Radiation 
Office of the Environmental Protection Agency 
(EPA). Since the low levels of radioactivity 
being observed approached the limits of ana- 
lytical sensitivity, this program was cancelled 
by EPA in 1973. 

With the projected growth of nuclear power 
and the resultant impact upon ecological sys- 
tems, the monitoring for radioactivity within 
the environs and food-producing locations 
around reactor facilities becomes of increasing 
concern. There were, at the end of 1973, 96 
nuclear plants either under construction or in 
operation in this country alone. It is antici- 
pated that by the end of the century this num- 
ber will be more than doubled (6). Therefore, 
in January 1973, the Office of the Commis- 
sioner, FDA, decided that a radiochemical ana- 
lytical capability should be maintained by the 
FDA to perform and evaluate necessary anal- 
ysis of foods in the event of a radiological in- 
cident and to note any upward trends in radio- 
active contamination of food that might develop 


(7). 





This program includes the analysis of stron- 
tium-90, cesium-137, iodine-131, ruthenium- 
106, and potassium-40, a naturally-occurring 
radionuclide. 


Sample collections 


For the purposes of the sampling program, 
“import” commodities are restricted to im- 
ported foods which have the domestic status 
indicated in table 1. “Total diet” is defined as 
representative food and drink consumed by a 
teenage male living in a moderate income fam- 
ily (1). The market basket shopping list, ap- 
pendix A, is based upon the latest survey of 
the United States household consumption con- 
ducted by the U.S. Department of Agriculture 
(USDA) in 1965 (8). 

Diet guides are provided for each of four 
geographic regions of the United States as de- 
fined by the USDA: Southeastern, Northeast- 


Table 1. Commodities collected for import surveillance 





Imported foods* Remarks 





. Seafish, including shrimp-_-_.-| May be frozen or canned. The label 
should indicate foreign origin. 

The label should indicate foreign 
origin. 


Exclude pineapple from Hawaii. 


Same as 3 above. 
A foreign origin label is preferred 
ut “domestic’”’ product may be 
substituted as necessary. 
Same as 5 above. 
Same as 5 above. 
Same as 5 above. 


: Cocoa powder 
8. Cashew nuts 








* A minimum of 2 pounds of each product. 


ern, Central, and Western. Each market basket 
represents the recommended 2-week diet of a 
15-20 year old male for the region in which 
it is collected. It should be noted that appendix 
A reflects the diet for the Northeastern region. 
Diets for the other regions vary slightly from 
this. 
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The FDA inspectors from Boston, Buffalo, 
New York, Baltimore, Atlanta, New Orleans, 
Kansas City, Minneapolis, San Francisco, and 
Los Angeles collected samples within the Re- 
gions and Districts indicated in figure 1. The 
collection sites used in Fiscal Year 1973 are 
shown in tables 2 and 3. All import samples 
and market baskets collected by the designated 
FDA Districts were forwarded to the Kansas 
City Field Laboratory for processing and dis- 
tribution (3). Each of the commodities of the 
market basket samples which are not normally 
eaten raw was prepared in a university dietary 
kitchen (under contract with the FDA) and 
then composited into the categories indicated in 
appendix A. The import commodities were 
handled separately. Portions of each of the 
eight total diet composites as well as the sepa- 
rate import products were forwarded from 
Kansas City to the Winchester Engineering 
Analytical Center (WEAC) for radionuclide 
analysis. 


Procedures 


Each of the samples is analyzed for stron- 
tium-90, cesium-137, iodine-131, ruthenium-106, 
and potassium-40. Cesium-137, iodine-131, ru- 
thenium-106, and potassium-40 concentrations 
were determined by gamma-ray spectroscopy 
(9) and the gamma spectra were examined 
qualitatively for evidence of other gamma- 
emitting radionuclides. The strontium-90 is de- 
termined by beta-counting the daughter prod- 
uct, yttrium-90 (10). For purposes of quality 
control, selected samples are analyzed as blind 
duplicates. 

All concentrations equal to or less than the 
minimum detectable limit of the appropriate 


Range I 
(pCi/kg) 


radionuclide are reported as “not detectable” 
(ND). The minimum detectable limit is the 
concentration equal to the two-standard-devia- 
tion analytical error (11). For the radionuclides 
included in this report, the minimum detectable 
limits are: strontium-90, 0.5 pCi/kg; iodine- 
131, 10 pCi/kg; cesium-137, 10 pCi/kg; ru- 
thenium-106, 10 pCi/kg; and potassium-40 
expressed as 0.05 g stable potassium per kg 
of sample. 


Discussion and results 


In past monitoring programs, no considera- 
tion was given to the radioactivity levels in 
various imported food products. In order to 
determine whether there are any differences 
between radioactivity levels in such food prod- 
ucts and domestic produce, the FDA included 
the eight import food items listed in table 1 
in its monitoring program. Seafood is known 
to concentrate certain radionuclides (e.g., shell- 
fish concentrate cesium-137 and cobalt-60) and 
therefore, should be early “indicators” of 
changes in radioactivity levels in marine food- 
stuffs of foreign origin. Cheese was selected as 
a possible indicator of levels of radioactivity 
in foreign milk products, while the fruits, nuts, 
tea, coffee and cocoa serve as examples of for- 
eign produce where surface contamination may 
result from changes in environmental radio- 
activity. 

Based upon an assumed average food con- 
sumption rate of 1.71 kg/day and the Radiation 
Protection Guides (RPG) recommended for 
Federal agencies by the Federal Radiation 
Council (FRC) (12), the following concentra- 
tion ranges have been derived as guides ap- 
plicable to foods (13): 


Range II 
(pCi/kg) 


Range III 
(pCi/kg) 





Cesium-137 
Strontium-90 


0-360 
0- 20 


Types of action 
recommended: firmatory 


surveillance 
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Periodic con- 


3 600-360 000 
200—- 2000 


360-3 600 
20— 200 


Quantitative Evaluation and 
surveillance- additional controls 
routine control as necessary 





Table 2a. Radionuclides in imported foods, canned fruit 





Collecting Collec- 
district (DO) tion isi] Ru 7Cs 
or field (FO) date /|(pCi/kg)|(pCi/kg)|(pCi/kg) 

office > (1973) 


Food type and treatment 


Country of Collection 
or condition 


1 € Ke *Sr 
origin * site (g K/kg) (pCi/kg) 





Oranges, canned, syrup Taiwan Anaheim, 


Los Angeles 1/ 2 ND ND ND 
included: Calif. 


(LOS—DO) 

Taiwan Lake Charles, New Orleans / ND ND ND -81+4 .60 
La. (NOL—DO) 

Bakersfield, San Francisco / ND ND ND ND 

Calif. (SAN—DO) 

Oranges, canned, syrup Taiwan Atlanta, Ga. Atlanta ND ND -94+ .33 
included (ATL—FO) 

Taiwan +: - “ene ATL—FO 1 ND -99+ .36 


NOL—DO / -30+ .30 


1.10+0.30 


Fruit, mixed, jelled, canned__| Japan 


Pineapple, canned including 


syrup a. 

Pineapple, canned including | Taiwan Lafayette, La 
syrup 

Papaya and syrup, canned __-- New York City / ND -67+4 .27 

(NYK—DO) 


(NYK—DO) / ND -92+ .31 


Jersey City, 
N.J 


Oranges, mandarin, canned, Jericho, N.Y. 


syrup 
Pineapple and syrup, canned _ Charleston, Baltimore / ND -742 .33 
(BAL—DO) 


Boston ND -99+ .32 
(BOS—FO) 
Kansas City, Kans. ND -79+ .31 


(KAN—DO) 
Minneapolis 


. Va. 
Pineapple+ oranges + syrup New Britain, 
canned onn. 

Mandarin oranges, canned - - - Alliance, Nebr. 


Oranges and syrup, canned__-- Beloit, Wis. 


1.204 . 











2 Sz, among? 





2ez, counting error® 






































See footnotes at end of table. 


Table 2b. Radionuclides in imported foods, fresh fruit 





Collecting Collec- 
district tion ICs 
or field date (pCi/kg) 


Food type and treatment 


Country of Collection 
or condition 


origin® site 


Anaheim, Calif. 
Lake Charles, La. 
Bakersfield, Calif. 
Atlanta, Ga. 

Ft. Lauderdale, Fla. 
Lafayette, La. 
Jersey City, N.J. 
N. : ieee 





Costa Rica 
Costa Rica 


Honeydew melon 
Pears, fres' Victoria, 
Austrailia 
Ecuador 
Ecuador 
Ecuador 


IW CONS co 


Bananas Alliance, Nebr. 
New Britain, Conn. 


Beloit, Wis. 


OO mh 


Bananas 





Average, x 





2 Sx, among4 

















2eX, counting error¢ 








ER A i TE ib SEAR ast 
! 


See footnotes at end of table. 

















These ranges conform to the FRC guides 
concerning transient rates of daily intake of 
radionuclides. The values are an adjunct to the 
guides applied in the EPA-FDA milk surveil- 
lance program (14) and are based upon an 
RPG dose of 0.17 rad/year to suitable samples 
of the population for the bone marrow dose 
from strontium-90 and 0.17 rad/year whole- 
body dose due to cesium-137. 

For purposes of the evaluation it was con- 
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servatively assumed that each of the commod- 
ities of imported samples or total diet com- 
posites would be consumed at the rate of 1.71 
kg/day for comparison with the above range 
limitations. 

The results of the imported food survey pre- 
sented in tables 2a through 2h show no iodine- 
131 or ruthenium-106 present within detectable 
limits in any of the individual food samples, 
and no detectable cesium-137 in fruit, both 
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Table 2c. 


Radionuclides in imported foods, fish 





Food type and treatment 
or condition 


County of 
origin® 


Collection site 


Collecting 
district 


Collec- 
tion 


mq 


Ru 


W7Cg 


: Ke Sr 
(pCi/kg)| (pCi/kg)} (pCi/kg) (g K/kg) (pCi/kg) 


date 
(1973) 











Kipp, herring (canned) --- 


Mackerel, canned 


Jap 
Kipp, — (canned) -___ 


Fish, cann 

Kipp, herrin 
Tuna, cann 
Herring fillet 
Mackerel, canned 


Mexico 
Taiwan 
Scotland 
Scotland 


Lake Charles, La. 
Anaheim, Calif. 
Bakersfield, Calif. 
Atlanta, Ga. 
Lafayette, La. 

Ft. Lauderdale, Fla. 
Jersey City, 


N. Massapequa, N.Y. 


New Britain, Conn. 
Alliance, Nebr. 
Beloit, Wisc. 


~] 


32 +24 
ND 


38 +24 
81424 


35 +22 
ND 

232 +17 
ND 

49 +29 

26 +22 


G2 r+ 20.go G0 gO re 
SSSL°SE 





Average, x 


70. 





2 Sz, among? 


55. 





2ex. counting error 


8. 

















7 




















See footnotes at end of table. 


Table 2d. Radionuclides in imported foods, cheese 





Food type and treatment 
or condition 


Country of 
origin*® 


Collection site 


Collecting 


iJ Ru W1Cg 


Sr 
(pCi/kg) | (pCi/kg)| (pCi/kg) (pCi/kg) 


Ke 
(g K/kg) 





Cheese, feta 
Cheese, semisoft 
ant cates cmincesemeebded 


Denmark 
France 
France 
Denmark 
Denmark 
Denmark 
Denmark 
Denmark 
Switzerland 
Finland 
Switzerland 
Denmark 


Anaheim, Calif. 
Lake Charles, La. 
Bakersfield, Calif. 
Atlanta, Ga. 

Ft. Lauderdale, Fla. 
Lafayette, La. 

Jersey City, N.J. 
N. Massa 
Charleston, W. Va. 
New Britain, Conn. 
Alliance, Nebr. 
Beloit, Wis. 


ua, N.Y. 


ssssssssese 








2Sz, among? 





2ez, counting error* 



































See footnotes at end of table. 


fresh and canned. The strontium-90 levels in 
fruit were either below detectable limits or 
well within Range I of the above guides. Sim- 
ilar results were also indicated for all samples 
of imported fish. 

In 10 of the 12 samples of imported cheese, 
the levels of strontium-90 were observed to be 
within Range II. With the exception of one 
apparent anomaly, cesium-137 was below de- 
tectable limits in all samples of cheese. 
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In the case of both coffee and tea, analyses 
were performed on both unbrewed and brewed 
samples. It is interesting to note that—partic- 
ularly in the case of tea—the normal brewing 
operation was effective in significantly lower- 
ing both the cesium-137 and strontium-90 levels 
in the samples as brewed for normal consump- 
tion. The usual form of consumption of these 
commodities is in the brewed state. As such, 
following the previously mentioned conserv- 
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Table 2e, Radionuclides in imported foods, coffee 





Food type and treat- try district ti Cs Ke 
ment or condition date (g K/kg) 





19.1 +1.10 
N. 


ee 
Coffee, brewed 


-00 +2 
11.60+1 
16.70 +2. 


LA SAA SY SY 949 
e609 29 £0 2 es ee as 
mhepobere crstors 
SsssSsSess > 


sessessssssesn: 





24. 
14 


moo 









































See footnotes at end of table. 


Table 2f. Radionuclides 





Collecting 
district ry Ke 
or condition = date (g K/kg) 


Food type and treatment Collection site 





22.90 +1.20 









































See footnotes at end of table. 
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Table 2g. Radionuclides in imported foods, cocoa 





Food type and treatment 
or condition 


Collection site 


11] Ru 


(pCi/kg)| (pCi/kg) 


wCs 
(pCi/kg) 





Anaheim, Calif. 
Lake Charles, La. 
Bakersfield, Calif. 
Atlanta, Ga. 

Ft. Lauderdale. Fla. 
Lafayette, La. 

a City, N.J. 

N. Massapequa, N.Y. 
Charleston, W. Va. 
New Britain, Conn. 
Alliance. Nebr. 
Beloit, Wis. 


140 +51 


SS-eeszar-erns 
He HEHE HE HE HE HE HHH 


147+44 





127. 


_ 
a 





16. 


~ 








12. 


o 














— 
ix) 

















See footnotes at end of table. 


Table 2h. Radionuclides in imported foods, cashew nuts 





Collecting 
district 
or field 


Food type and treatment Collection site 


or condition 


131] Ru 27Cg 


Ke 
(pCi/kg)|(pCi/kg)| (pCi/kg) (g K/kg) 





Anaheim, Calif. 
Lake Charles, La. 
Bakersfield, Calif. 


Jersey City, N-J. 
Plainview, N.Y. 
Charleston, W. Va. 
New Britain, Conn. 
Alliance, Nebr. 

oit, Wis. 


iS] 


is) 
O1Le = > Crm Cr OO cron 


AAARAAAAAAAAN 
+ 





Average, x 





2 Sz, among 





2ex, counting error 



































* Country of origin is given only if known. 

> See figure 1. 

© The g K/kg levels of stable potassium in 
0.011 percent of total potassium 


dities are 





puted from the potassium-40 activity. Potassium-40 occurs in nature to the extent of 


4 2Sz among = 2 vS?/n, “two standard deviations of the estimate of the mean, x.” 


© 2e= counting error = * Vz (counting error)? 





n 
! The specific activity (pCi/kg) of brewed coffee was normalized to the dry weight of the sample. 
© The specific activity (pCi/kg) of brewed tea was normalized to the dry weight of the sample. 


ative assumptions, the levels of cesium-137 and 
strontium-90 found in percolated coffee are well 
within Range I of the guides. In the case of tea, 
all brewed samples are within Range I and II 
of the guides for both cesium-137 and stron- 
tium-90. 

All 12 samples of cocoa had strontium-90 
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levels within Range II of the guides, while 
cesium-137 fell within Range I. In the case of 
cashew nuts, all samples were within Range I 
for cesium-137 and only two samples showed 
levels of strontium-90 in Range II. In all cases 
where Range II levels were found in individual 
foods, corrections for their relative percentage 
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Table 3. Radionuclides in total diet, market basket composites 





Compcsite Commodity Collection 


number* type site office 


Collecting 
district tion baa § weRu Cs 


Collec- 


(pCi/kg)| (pCi/kg)| (pCi/kg) 





Dairy products Carson City, Nev. 
Meat, fish, poultry Lake Charles, La. 
Grain an and cereal products__ Odessa, Tex. 
Lafayette, La. 

te pe vegetables Jersey City, N.J. 
Legume vegetables Charleston, W. Va. 
Root v Rochester, N.Y 
Garden fruits. Beloit, Wisc. 
































* See appendix A. 


in the diet would yield a total diet well within 
Range I. 

These findings are further supported by data 
reported for the eight total diet composites 
presented in table 3. No iodine-131, ruthenium- 
106, nor cesium-137 were found within detect- 
able limits of the methods. The levels for stron- 
tium-90 were within Range I of the guides 
for all total diet composites. These data are 
indicative of the “dilution effect” on the radio- 
nuclide levels as a result of the normal prepa- 
ration of foods usual to the family household. 


Summary 


As the agency responsible for the wholesome- 
ness of the nation’s food supply, the FDA has 
instituted a monitoring program for radionu- 
clides in the nation’s total diet and selected 
import food commodities. 

The radionuclide levels found in the total 
diets analyzed in Fiscal Year 1973 are within 
Range I of the appropriate guidelines, indi- 
cating the need for continued surveillance only 
at the present level. 

The levels of radionuclides found in the lim- 
ited types of edible imported commodities are 
low enough such that their contribution to the 
total diet would not be expected to raise the 
levels of these radionuclides above Range I of 
the guides. Data derived from this program 
will continue to be evaluated and compared 
with the FRC Guidelines for radionuclides in 
foods as the reference point in any possible 
regulatory action that may be necessary. 
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Total diet market basket 





Commedity 


Quantity 





Dairy products: 


Milk, fresh fluid 
Evaporated milk 
Nonfat dry milk 


Skim milk 
Meat, fish and poultry: 


Roast beef 
Ground beef (chuck) 
Pork chops 
Bacon 
Chicken (one whole eviscerated 
fresh or frozen) 
Fish fillet (fresh or frozen) 
Tuna or salmon (canned) 
Luncheon meat 
Frankfurters 
Liver, beef 
Eggs, large 
Cured ham (not canned) 
Round steak (beef) 
Veal, chops or cutlets 
mb, roast 
Raw shrimp (fresh or frozen) 


Grain and cereal products: 


Flour, general purpose 
Pancake mix 


White bread, enriched 

Whole wheat bread 

Rolls (sweet, cinnamon, 
OO eee ae 

Snack item (pretzels, corn chips, 
a, eR ae 

Cookies, plain (w/o nuts or 
chocolate) 

Buns, frankfurter or hamburger_____ 

Pi® crust (fruit filling-IX) 

Cake mix 

Wheat cereal, uncooked 

Corn (raw) 

Corn (canned) 

Corn (frozen) 


Potatoes: 


Potatoes, white 
(bake 1/2) 
(boil 1/4) 
(fry 1/4) 
Potato chips 
Frozen french fries 
Sweet potatoes or yams (fresh) 
Sweet potatoes or yams (canned) _ __ 


Leafy vegetables: 


Spinach, collard or mustard 
greens (raw) 

Spinach, collards or mustard 
greens (frozen) 

Spinach, collards or mustard 


Legume vegetables: 


Peas (raw) 
SD SIE oy Gk cd. endnnia 





9 quarts 


1 quart 


5 pounds 


oe 


Neh OoOeeANPAKe AH 


8 
1 
5 
3 
2 
5 
13 
15 
11 
3 
8 


_ 
yansan oO 


nae 
oo 


AAMMMWAMOAAD AM O 





Equivalent 
weight (g) 
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Total diet market basket—continued 





Commodity Quantity Equivalent 


weight (g) 





Legume vegetables: 


Root vegetables: 


Carrots (raw) 

Carrots (canned) - _- 

Onions, dry (raw 1/2 
Onions, dry (boil 1/2) __-- 
Beets without tops (raw) - __ 
Beets without tops (canned) 
Green onions 


Garden fruits: 


Green peppers (raw) 
Tomatoes (fresh) 
Tomatoes (canned) 
Cucumbers (raw) 
Catsup 

Pickles 

Vegetable soup (canned) 
Tomato soup (canned 


Fruits: 


Fruit filling from pie 
Oranges (fresh) 
Citrus juice (frozen concentrate) ____ 


Apples (fresh) 
Strawberries (raw, fresh) 


Fruit juice, noncitrus (canned) 
Apricots (raw) 


Pineapple (raw) 

Pineapple (canned) 
Rhubarb without tops (raw) 
Watermelon (raw) 1 pound 
Cantaloupe (raw) 
Fruit cocktail _ 


2 
4 
5 
1 
6 
6 
4 
3 
3 
3 
3 
1 
9 
9 
1 
1 
1 
1 
2 
3 
3 
1 
1 
1 


ee 


Oils, fats and shortening: 


Salad dressing-french 
Salad dressing-mayonnaise 
Salad dressing-salad 
Shortening 

Peanut butter 


~ 
~~ 
HWONAK ROK 


Cocoa 

Cola soft drink 
Noncola soft drink 
Coffee, instant 
Drinking water 











* All weights indicated are raw or unprocessed weights. The actual weight of cooked 
or prepared food would be less in such items as meats and vegetables or fruits which are 
normally peeled and cooked before consumption. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, May 1974 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food that is most useful as an indi- 
cator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important ra- 
dionuclides that may be released to the envi- 
ronment from nuclear activities. In addition, 
milk is produced and consumed on a regular 
basis, is convenient to handle and analyze, and 
samples representative of general population 
consumption readily can be obtained. There- 
fore, milk sampling networks have been found 
to be an effective mechanism for obtaining in- 
formation on current radionuclide concentra- 
tions and long-term trends. From such infor- 
mation, public health agencies can determine 
the need for further investigation or correc- 
tive public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Adminis- 
tration, Public Health Service, consists of 65 
sampling stations: 63 located in the United 
States, one in Puerto Rico, and one in the 
Canal Zone. Many of the State Health depart- 
ments also conduct local milk surveillance pro- 
grams which provide more comprehensive 
coverage within the individual State. Data 
from 15 of these State networks are reported 
routinely in Radiation Data and Reports. Ad- 
ditional networks for the routine surveillance 
of radioactivity in milk in the Western Hemis- 
phere and their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 sampling 
stations 


Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations 


The sampling locations that make up the 
networks reporting presently in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activi- 
ties, the present format integrates the comple- 
mentary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the se- 
lective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium- 
89, strontium-90, iodine-131, cesium-187, and 
barium-140. A sixth radionuclide, potassium- 
40, occurs naturally in 0.0118 percent (2) abun- 
dance of the element potassium, resulting in 
a specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
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metabolically similar radionuclides (radio- 
strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963—March 1966 
(3) and are used for general radiation calcu- 
lations. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, first it was necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agree- 
ment of the measurements among the labora- 
tories. The Analytical Quality Control Service 
of the Research and Development Programs 
conducts periodic studies to assess the accuracy 
of determinations of radionuclides in milk per- 
formed by interested radiochemical labora- 
tories. The generalized procedure for making 
such a study has been previously outlined (4). 

The most recent study was conducted during 
June 1972 with 37 laboratories participating 
in an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of 
the 18 laboratories producing data for the net- 
work reports in Radiation Data and Reports. 
14 participated in the study. 


Table 1. 


The accuracy results of this study for these 
14 laboratories are shown in table 1. The 
accuracy of the cesium-137 measurements con- 
tinues to be excellent as in previous experi- 
ments. However, both the accuracy and pre- 
cision need to be improved for iodine-131, 
strontium-89, and strontium-90 which could 
probably be accomplished through recalibra- 
tion. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete under- 
standing of several parameters is useful for 
interpreting the data. Therefore, the various 
milk surveillance networks that report regu- 
larly were surveyed for information on ana- 
lytical methods, sampling and analysis fre- 
quencies, and estimated analytical errors 
associated with the data. 

In general, radiostrontium is collected by 
an ion-exchange technique and determined by 
beta-particle counting in low-background detec- 
tors, and the gamma-ray emitters (potassium- 
40, iodine-131, cesium-137, and barium-140) 
are determined by gamma-ray spectroscopy of 
whole milk. Each laboratory has its own modi- 
fications and refinements of these basic method- 
ologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 


Distribution of mean results, quality control experiment 





Number of laboratories in each category 


Experi- 
mental 





Isotope and known concentration 


Acceptable * 


F 2e¢ error 
Warning (pCi /liter) 


level > 





Iodine-131: 
Cesium-137: 


(96 or 99 pCi/liter) 
(438 or 484 »Ci /liter) 
(53 or 54 pCi/liter) 
(295 or ee 
Strontium-89: os or 30 p 
(197 or 201 pCi liter) 
Strontium-90: (32.1 or 32.4 pCi/liter) 
(150.5 or 151 5 pCi /liter) __.. 





( 8%) 


(11%) 


1 

0 

0 

2 (15%) 
0 

1 

4 (33%) 
0 


aranornh. 
~ 

















* Measured concentration equal to or within 2¢ of the known concentration. 
> Measured concentration outside 2¢ and equal to or within 3¢ of the known concentration. 
¢ Measured concentration outside 3e of the known concentration. 
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a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 


__.__. The number of samples analyzed at a particu- 


lar sampling station under current conditions 
is reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are 
relatively stable over short periods of time, 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and 
generally is increased at the first measurement 
or recognition of a new influx of this radio- 
nuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis 
(6) of raw and pasteurized milk samples col- 
lected during January 1964 to June 1966 indi- 
cated that for relatively similar milkshed or 
sampling areas, the differences in concentra- 
tion of radionuclides in raw and pasteurized 
milk are not statistically significant (6). Par- 
ticular attention was paid to strontium-90 and 
cesium-137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical report- 
ing level reflects analytical factors other than 
statistical radioactivity counting variations 
and will be used as a practical basis for re- 
porting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical report- 
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ing levels greater than those above. In these 
cases, the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample de- 
terminations. The treatment of measurements 
equal to or below those practical reporting 
levels for calculation purposes, particularly in 
calculating monthly averages, is discussed in 
the data presentation. 

Analytical error of precision expressed as 
pCi/liter or percent in a given concentration 
range also has been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 
1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels =50 pCi/liter ; 

1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels >20 pCi/liter ; 

4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels =100 pCi/ 
liter. 


Radionuclide 
Strontium-89 


Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the United States data on 
radioactivity in milk in perspective, a sum- 
mary of the guidance provided by the Federal 
Radiation Council for specific environmental 
conditions was presented in the February 1973 
issue of Radiation Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of 
the international, national, and State networks 
discussed earlier. Column 1 lists all the stations 
which are reported routinely in Radiation Data 
and Reports. The relationship between the 
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Table 2. Concentrations of radionuclides in milk for May 1974 and 12-month period, June 1973 
through May 1974 





Radionuclide concentration 
Ci /liter) 





Sampling location ot Strontium-90 Cesium-137 





12-month 12-month 
average b average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for May 1974 and 12-month period, June 1973 
through May 1974—continued 





Radionuclide concentration 
i 





Sampling location 4 Strontium-90 Cesium-137 
sample * 





Monthly 12-month Monthly 12-month 
average > average average > average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for May 1974 and 12-month period, 
June 1973 through May 1974—<continued 





Sampling location 


Radionuclide concentration 
(pCi liter) 





Strontium-90 Cesium-137 





12-month 
average 


12-month 
average 
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Canal Zone: 
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* P, pasteurized milk. 


milk. 
b i few m an ao ty “— result was equal to or less than the practical reporting level, a value of “0” was used for averaging. 


Monthly averages less than the 
— —- levels greater Yt = 
o! samp es e mon a is given 

© Pasteurized E 


ctical reporting level reflect the fact that some but not all of the individual samples making u> the 
the practical ste eg level. When more than one analysis was made in a month period, the number 


Milk Network station. All Saber sampling locations are part of the State or National network. 


Cesium-137: 


Colorado—25 pCi/liter; Oregon—15 pCi /liter. 


a by ga entry gives the average radionuclide concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


A, 
NS, no ~~ collected. 


PMN stations and the State stations is shown 
in figure 2. The first column in table 2 under 
each of the reported radionuclides gives the 
monthly average for the station and the num- 
ber of samples analyzed in that month in paren- 
theses. When an individual sampling result 
is equal to or below the practical reporting 
level for the radionuclide, a value of zero is 
used for averaging. Monthly averages are cal- 
culated using the above convention. Averages 
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which are equal to or less than the practical 
reporting levels reflect the presence of radio- 
activity in some of the individual samples 
greater than the practical reporting level. 
The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
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averaged over a year, constitutes an appro- 
priate criterion for the case where the FRC 
radiation protection guides apply, the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for May 1974 and 
the 12-month period, June 1973 to May 1974. 
Except where noted, the monthly average rep- 
resents a single sample for the sampling sta- 
tion. Strontium-89, iodine-131, and barium- 
140 data have been omitted from table 2 since 
levels at all of the stations for May 1974 were 
below the respective practical reporting levels, 
except for strontium-89 at Coffeyville, Kans: 
10 pCi/liter and Topeka, Kans: 6 pCi/liter. 

In table 3, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 
North Carolina for January through April 
1974. 

Strontium-90 monthly averages ranged from 
0 to 16 pCi/liter in the United States for May 
1974 and the highest 12-month average was 15 
pCi/liter (Little Falls, and Duluth, Minn.) rep- 
resenting 7.5 percent of the Federal Radiation 


Table 3. Concentrations of radionuclides in North 
Carolina milk,* January-April 1974 





Radionuclide concentration 
(pCi/liter 


Location in 
North Carolina 























® Strontium-89 and barium-140 were all below the miniraum detectable 
limit. 
b Below minimum detectable limit. 
NA, no i 
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Figure 2. State and PMN sampling stations in the United States 
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Council radiation protection guide. Cesium-137 
monthly averages ranged from 0 to 34 pCi/liter 
in the United States for May 1974, and the 
highest 12-month average was 45 pCi/liter 
(Southeast Florida) representing 1.3 percent of 
the value derived from the recommendations 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide-a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
California Diet 
Carbon-14 in Total Diet and 
Milk 
Strontium-90 in Tri-City 
Diets 


Period reported 


Networks presently in operation and re- 
ported routinely include those listed below. 
These networks provide data useful for devel- 
oping estimates of nationwide dietary intakes 
of radionuclides. Programs reported in Radia- 
tion Data and Reports are as follows: 


Issue 





July 1971—December 1972 
1972-1973 


1972 


February 1974 
November 1973 
December 1973 
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SECTION If. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total ra- 
dionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4) 
set the limits for approval of a drinking water 
supply containing radium-226 and strontium- 
90 at 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 
California 





Higher concentrations may be acceptable if the 
total intake of radioactivity from all sources 
remains within the guides recommended by 
FRC for contro] action. In the known absence’ 
of strontium-90 and alpha-particle emitters, 
the limit is 1000 pCi/liter gross beta radio- 
activity, except when additional analysis indi- 
cates that concentrations of radionuclides are 
not likely to cause exposures greater than the 
limits indicated by the Radiation Protection 
Guides. Surveillance data from a number of 
Federal and State programs are published pe- 
riodically to show current and long-range 
trends. Water sampling activities reported in 
Radiation Data and Reports are listed below. 


* Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Period reported Issue 


1971 and 1972 
1968 
1969 


November 1973 
March 1972 
September 1972 


Colorado River Basin 

Community Water Supply Study 

ERAMS Surface Water and Drinking 
Water Components 

Florida 

Interstate Carrier Drinking Water 

Kansas 

Minnesota 

New York 

North Carolina 

Radiostrontium in Tap Water, HASL 


January—March 1974 
1970 
1971 
1972 
July 1971-June 1972 
1972 
1971 
1972 


August 1974 
April 1974 
May 1972 
August 1974 
March 1974 
June 1974 
July 1974 
December 1973 
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Radioactivity in Washington Surface Water’ 


July 1971—June 1972 


Washington State Department of Social 
and Health Services 


Radioanalysis of surface water samples col- 
lected through the State is one of the major 
functions of the Washington State Department 
of Social and Health Services radiation sur- 
veillance program. Collection of these samples 
is performed by numerous cooperating agen- 
cies, including local water departments, county 
health districts, and other State agencies. Fig- 
ure 1 shows the surface water sampling loca- 
tions and code numbers. 

All water is collected in 1-gallon cubitainers 
by grab sampling and is mailed to the State 
radiation laboratory in Seattle for analysis. 
A description of the analytical procedures used 
was presented in the August 1973 issue of Radi- 


ation Data and Reports. Some special analyses 
are performed by the National Environmental 
Research Center—Las Vegas (NERC-LV). 
Analyses results of Columbia River samples 
are reported separately because of the unique 
isotopes present (table 1). The data reflect 
the more detailed laboratory analysis that Co- 
lumbia River samples receive in order to docu- 
ment the significant isotopes present. 
Concentrations of radioactivity in the Co- 
lumbia River dropped below detectability limits 
following the shutdown on January 29, 1971, 


1Summarized from “Environmental Radiation Sur- 
veillance in Washington State, Eleventh Annual Report, 
July 1971-June 1972.” 
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Figure 1. Washington surface water sampling locations with code numbers 
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Table 1. 


Monthly average radioactivity in Columbia River water, July 1971-June 1972 





Radioactivity concentration 
(pCi/liter) 











Northport (code No. RNE 0601) 
Beta-particle: 




















< 
<10 
<5 


























« ye performed by the U.S. Environmental Protection Agency, National Environmental Research Center-Las Vegas. 
» its ex 


trapolated to date of collection. 


¢ Strontium-yttrium calibration standard. Gross beta results > 10 pCi/liter extrapolated to date of collection. All other gross beta results as of date of 


count (1-20 days after collection). 


NS, 5 
NA, so analysia. 


of the KE and the N reactors at Hanford. The 
KE reactor was the last of eight original plu- 
tonium producing reactors. These eight reactors 
used single pass cooling systems for the reactor 
core and were the major sources of radioactiv- 
ity entering the Columbia River. The N reac- 
tor was designed for both plutonium and elec- 
trical power production. It uses a double loop 
cooling system so that river water used for 
cooling does not enter the reactor core. Its 
contribution of radioactivity to the river in 
comparison with the reactors using single pass 
cooling is negligible. 

This was confirmed in July 1971 when the 
N reactor was reactivated ; no detectable change 
was observed in the radioactivity levels of the 
river. Although the tremendous flow of the 
Columbia tends to mask any effect of the reac- 
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tor, its mode of operation is a significant im- 
provement over the older reactors. The N 
reactor (800 MWe) was the first of the large 
scale nuclear power generating stations when 
it reached full design power in 1966. In Sep- 
tember 1971, it reached a 15 billion KWh mile- 
stone, being the first single-reactor power sta- 
tion in the world to reach that goal. 

Monthly averages of monitoring data from 
the Columbia River at Richland have been 
plotted to show the fluctuating concentrations 
encountered for the period 1964 through June 
1972. Figures 2-5 show phosphorus-32, scan- 
dium-46, chromium-51, and zinc-65 concentra- 
tions, respectively. 

Surface waters, other than the Columbia 
River are sampled to monitor the combined 
effect of background and of atmospheric fall- 
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Figure 2. Phosphorus-32 monthly averages in 
Columbia river water, Richland, April 1964—June 1972 
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Figure 3. Scandium-46 monthly averages in Columbia 
river water, Richland, July 1967—June 1972 
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Figure 4. Chromium-51 monthly averages in Columbia 
river water, Richland, April 1964—June 1972 


out (table 2). Figure 6 shows annual average 
and maximum gross beta activity in surface 
water samples for the period 1963 through 
1972. The 1967 maximum of 26 pCi/liter on 
the plotted maximum values occurred in a 
Snake River sample resulting from fallout 
from the Chinese nuclear detonation of Decem- 
ber 27, 1966. Other maximum values on the 
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Figure 5. Zinc-65 monthly averages in Columbia 
river water, Richland, April 1964—June 1972 





Beta Activity (pCi/liter) 








Year 1963 1964 19965 1966 1967 1968 1969 1970 1971 1972 


Figure 6. Average, maximum, and minimum beta 
radioactivity in surface waters, (excluding the 
Columbia river) 1 1972 


plot are associated with high turbidity samples. 

Table 3 presents the individual sample results 
from the tritium analyses performed by the 
National Environmental Research Center—Las 
Vegas (NERC-LV). 

Only three samples of salt water were col- 
lected and analyzed during this period. Labo- 
ratory efforts in this area have been directed 
toward developing capability for analyzing salt 
water for strontium-90. Past analyses have 
consisted of a gamma scan and a gross beta 
count. The data achieved by this method was 
judged practically useless: 1) the gamma scan 
of a 2 liter sample yielded no detectable results 
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Table 2. Beta radioactivity* in Washington surface water (except for Columbia River) July 1971—-June 1972 





Rethocily concentration 
(pCi /liter) 





Location and t 
of pt a 








Cedar River (PS 0201) 
Lan - 


onway: 
Suspended 
Dissolved 
Snake River (SE 0401) 
Ice Harbor Dam: 


NS NS 











1 
2 
































* Strontium-yttrium calibration standard. Gross beta results <10 pCi/liter extrapolated to date at collection. All other gross beta results as of date 
of count (1-20 days after collection). 


NS, no sample. 


Table 3. Tritium* in ee water, July 1971- Another difficulty is the huge volume of salt 
une 


water available for dilution and exchange, thus 

Sampling location Collection date | Concentration necessitating an extensive program of grab 
(pCi /liter) : . : 

sampling to monitor average concentrations 

1/16/71 00 and trends. Therefore, future sampling of salt 

4/26/72 water will be restricted to approved reactor 
oy emt 00 sites or to other specialized local situations. 

4/ 5/72 The three salt water samples analyzed for 


* Analysis performed by National Environmental Research Center— strontium-90 yielded results of: <0.5, 0.5, and 
Las Vegas (NERC-LV). 1.8 pCi/liter. 


(other than natural potassium-40) because the 
concentrations present were far below the sys- 
tems’ detectability limits; 2) the gross beta 
data (either by a mixed fission product sepa- 
ration method or by a total gross beta method) 
were judged too ambiguous for use as a long- 
term baseline reference. 

















Previous coverage in Radiation Data and Reports: 


Period Issue 
July 1970—June 1971 August 1973 


October 1974 





SECTION If. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the 
earliest indications of changes in environ- 
mental fission product radioactivity. To date, 
this surveillance has been confined chiefly to 
gross beta radioanalysis. Although such data 
are insufficient to assess total human radiation 
exposure from fallout, they can be used to 
determine when to modify monitoring in other 
phases of the environment. 

Surveillance data from a number of pro- 


Network 


Fallout in the United States and other 
areas 


grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the Environmental Protection 
Agency, the Canadian Department of National 
Health and Welfare, and the Pan American 
Health Organization. 

In addition to those programs presented in 
this issue, the following programs were cov- 
ered previously in Radiation Data and Reports. 


Period Issue 


1972 
July 1970-1972 
July—December 1973 


August 1974 
March 1974 
May 1974 


Krypton-85 in air 
Mexican air monitoring program 
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1. ERAMS Gross Radioactivity 
and Deposition Component 
May 1974 


Office of Radiation Programs 
Environmental Protection Agency 


The Environmental Radiation Ambient Mon- 
itoring System (ERAMS), which began in July 
1973, was developed from previously operating 
radiation monitoring networks to form a sin- 
gle monitoring system which is more respon- 
sive to current and projected sources of envi- 
ronmental] radiation. 

The ERAMS Gross Radioactivity and Depo- 
sition Component is a restructuring of the 
previous Radiation Alert Network (RAN). 
Sampling stations were relocated (figure 1) to 
more closely monitor the potential sources of 
environmental radioactivity and to provide the 
means for obtaining the maximum population 
coverage. The component consists of 74 sam- 


pling stations, 55 of which are on standby 
status and can be activated when the need 
arises. The remaining 19 stations collect air 
particulates continuously with the filters being 
changed one or two times per week. Most of 
the stations are operated by State or local health 
department personnel. 

The station operators perform gross beta 
radioactivity “field estimates” on the airborne 
particulate samples at 5 hours after collection, 
when most of the radon daughter products 
have decayed, and at 29 hours after collection, 
when most of the thoron daughter products 
have decayed. The airborne particulate samples 
and precipitation samples, which are collected 
concurrently at the air sampling stations, 
are sent to the Eastern Environmental Radia- 
tion Facility for laboratory gross beta radio- 
activity analyses. All field estimate results are 
reported to the appropriate Environmental 
Protection Agency officials by mail or tele- 
phone depending on the levels found. A com- 
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Figure 1. 


October 1974 


ERAMS Gross Radioactivity and Deposition Component sampling locations 





pilation of the daily measurements is available 

upon request from the Eastern Environmental 

Radiation Facility, Montgomery, Ala. 36109. 
Table 1 presents the monthly average gross 


Table 1. 


beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate and laboratory techniques 
during May 1974. 


Gross beta radioactivity in surface air and precipitation, May 1974 





Gross beta radioactivity 


(pCi /am) Precipitation 
i/mé 





Station location * 


5-bour field estimate 


Laboratory measurement Laboratory estimate 


of deposition 





Maximum | Minimum 


Average > 


Depth 
(mm) 


Total 
deposition 
(nCi/m3) 


Maximum Minimum Average > 





“ooo 


Idaho Falls 
Chicago 
oy meg e 


ffalo 
New York City 


Columbus ¢ 
Oklahoma City 
Portland 


© CrNoeSonormoowowoo 
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0.36 


-1l 
-67 


Corr on Fr OF- 


on oO aoe 



































® The remaining stations are on standby status. 


> The monthly average is calculated by weighting the estimates of individual air samples with length of sampling period. 


* Standby station operated continuously at the request of the State. 
4 Station to be established. 

* Station to be relocated to Cincinnati. 

! Station to be relocated to Pittsburgh. 





2. Air Surveillance Network, May 1974 


National Environmental Research Center— 
Las Vegas 
Environmental Protection Agency 


The Air Surveillance Network,: operated by 
the National Environmental Research Center— 
—Las Vegas (NERC-LV), consists of 49 ac- 
tive and 72 standby sampling stations located 
in 21 western States (figures 2 and 3). The 


*This network is operated under a Memorandum of 


Understanding (No. AT(26-1)-539) with the Nevada 
Operations Office, U.S. Atomic Energy Commission. 
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network is operated in support of nuclear test- 
ing sponsored by the U.S. Atomic Energy Com- 
mission (AEC) at the Nevada Test Site (NTS), 
and at any other designated testing sites. 

The stations are operated by State health 
department personnel and by private individ- 
uals on a contract basis. All active stations are 
operated continuously with filters being ex- 
changed after periods generally ranging from 
48 to 72 hours. All samples are mailed to the 
NERC-LV unless special retrieval is arranged 
at selected locations in response to known re- 
leases of radioactivity from the NTS. A com- 
plete description of sampling and analytical 
procedures was presented in the February 1972 
issue of Radiation Data and Reports. 
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Figure 3. NERC-LV Air Surveillance Network Stations outside Nevada 


Table 2 presents the average gross beta con- 
centrations in air for each of the network sta- 
tions. The minimum reporting concentration 
for gross beta activity is 0.1 pCi/m*. For re- 
porting purposes, concentrations less than 1.0 
pCi/m® are reported to one significant figure, 
and those equal to or greater than 1.0 pCi/m* 


Reported value of 
concentration above MDC 
(pCi/m‘) 


Concentration 
(pCi/m‘) 





are reported to two significant figures. For 
averaging purposes individual concentration 
values less than the minimum detectable con- 
centration (0.03 pCi/m* for a 700 m* sample) 
are set equal to the minimum detectable con- 
centration (MDC). Reporting and rounding-off 
conventions are as follows: 


Reported value of 
concentration below MDC 
(pCi/m*) 





<0.05 
=>0.05 <0.15 
>0.15 


October 1974 


<0.1 


0.1 <0.1 
As calculated and rounded 


<0.1 


< calculated MDC 





As shown by table 2, the highest gross beta 
concentrations at continuously operated sta- 
tions within the network were 2.0 pCi/m® at 
Bishop, Calif, 1.8 pCi/m® at Baker, Calif, and 
1.5 pCi/m® at Currant Ranch, Nev. 

From gamma spectrometry results, fission 
products in varying combinations of zirconium- 
95, ruthenium-106 and cerium-141 were iden- 
tified on filters collected throughout the net- 
work. The highest concentrations of these 
radionuclides, respectively, were 0.76 pCi/m’, 
1.1 pCi/m’, and 1.0 pCi/m* in a sample col- 


lected at Bishop, Calif., on May 17. These radio- 
nuclides are attributed to seasonal variations 
in world fallout. No radionuclides were iden- 
tified by gamma spectrometry on any charcoal 
cartridge during May 1974. 

Complete copies of this summary and listings 
of the daily gross beta and gamma spectrom- 
etry results are distributed to EPA Regional 
Offices and appropriate State agencies. Addi- 
tional copies of the daily results may be ob- 
tained from the NERC-LV upon written re- 
quest. 


Table 2. Summary of gross beta radioactivity concentrations in air, May 1974 





Sampling location 


Concentration 
(pCi/m*) 





Minimum | Average * 





Eureka 
Fallini’s Twin Springs Ranch 
Goldfield 


Scotty’s Junction 
Stone Cabin Ranch 


0. 
<. 


0. 


ol anal ae al el el el 
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* Individual values less than the minimum detectable concentration (MDC) are set equal to ag! me for averag- 
ing. A monthly average less than the minimum reportable value of 0.1 pCi/m! is reported a 
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3. Canadian Air and Precipitation Surface air and precipitation data for May 
Monitoring Program,’ May 1974 1974 are presented in table 3. 


Radiation Protection Bureau Table 3. es Seat ation Baan 1972 in surface 
Department of National Health and Welfare 


Air surveillance gross “a ae 
beta radioactivity Precipitation 
(pCi/m*) measurements 





The Radiation Protection Bureau of the 
Canadian Department of National Health and be Penns ry 
Welfare monitors surface air and precipitation aun 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 4), where the sam- 
pling equipment is operated by personnel from Fr Ghuschii 
the Atmospheric Environment Service of the 
Department of the Environment. Detailed dis- 
cussions of the sampling procedures, methods 
of analysis, and interpretation of results of the 
radioactive fallout program are contained in 
reports of the Department of National Health i 

Resolute 
and Welfare (1-5). St. John’s, Nad 

A summary of the sampling procedures and... sarie. 
methods of analysis was presented in the May Thunder Bay 
1969 issue of Radiological Health Data and 
Reports. ) ne agg 


Winnipeg 
Yellowknife 








aArheae Dee 


@ wrwM Ane 


Bee 


Zz Zz 
ae eHeae ever 





claws BORO CHORD ADHO OHA 


nl Neem Anea SOO wor 
a 
al eonama Base AM A ACoA 


* Prepared from information and data obtained from Network summary - - 
the Canadian Department of National Health and Wel- 
fare, Ottawa, Canada. 
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NS, no sample. 
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Figure 4. Canadian air and precipitation monitoring program 


October 1974 
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4. Pan American Air Sampling Program 
May 1974 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
Health Data and Reports. The May 1974 air 
monitoring results from the participating coun- 
tries are given in table 4. 
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Figure 5. Pan American Air Sampling stations 


Table 4. Summary of gross beta radioactivity in Pan 


American surface air, May 1974 





Gross beta radioactivity 
Number (pCi/m') 
Station location f 








Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


Guyana: 
Jamaica: 


eru: Li 
Trinidad and 
Tobago: 
Venezuela: 











Pan American summary 0.15 0.00 0.01 











* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m# are reported 
and aot in averaging as 0.00 pCi/m*. 
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5. California Air Sampling Program 


May 1974 


Radiologic Health Section 
California Department of Health 


The Radiologic Health Section of the Cali- 
fornia Department of Health with the assist- 
ance of several cooperating agencies and orga- 
nizations operates a surveillance system for 
determining radioactivity in airborne particu- 
lates. The air sampling locations are shown in 
figure 6. 

One of the objectives of the program is to 
evaluate the possibility that fixed effluent 
sources contribute to particulate activity in the 


air. Consequently, data from continuous air 
samplers placed in proximity to nuclear facili- 
ties are compared with those from similar 
equipment in nearby communities and at sev- 
eral “background” stations. 

Airborne particles are collected by a con- 
tinuous sampling of air filtered through a 47 
millimeter membrane filter, 0.8 micron pore 
size, using a Gast air pump of about 2 cubic 
feet per minute capacity, or 81.5 cubic meters 
per day. Air volumes are measured with a 
direct reading gas meter. Filters are replaced 
every 24 hours except on holidays and week- 
ends. 

All air samples are sent to the Sanitation 
and Radiation Laboratory of the State Depart- 
ment of Health. The filters are analyzed for 
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gross alpha and beta radioactivity 72 hours 
after the end of the collection period. The daily 
samples then are composited into a monthly 
sample for gamma spectroscopy and an anal- 
ysis for strontium-89 and strontium-90. The 
monthly sample results are presented quar- 
terly. Table 5 presents the gross beta radio- 
activity in air for May 1974. 


Table 5. Gross beta radioactivity in California air, 
May 1974 





Gross beta radioactivity 


Station location 








Diablo Canyon Nuclear Power 
sits eee eee 

El Centro 

Eurek 


Fresno 
Humboldt Bay Nuclear Power 
Plant 


geles 
Rancho Seco Nuclear Power 
Plant 


po 
San Onofro Nuclear Generating 
Station 























6. ERAMS Plutonium and Uranium 
in Air Component 
October—December 1973 


Office of Radiation Programs 
Environmental Protection Agency 


The Environmental Radiation Ambient Mon- 
itoring System (ERAMS), which began in 
July 1973 was developed from previously oper- 
ating radiation monitoring networks to form 
a single monitoring system which is more re- 
sponsive to current and projected sources of 
environmental radiation. 

The ERAMS Plutonium and Uranium in Air 
Component is a restructuring of the Plutonium 
in Airborne Particulates Network, which was 
comprised of monthly plutonium analyses from 
selected Radiation Alert Network sampling 
stations. The current sampling stations have 
been reoriented towards fuel processing, fuel 
reprocessing, and other facilities using plu- 
tonium or uranium. The Plutonium and Ura- 
nium in Air Component consists of 19 air sam- 
pling stations (figure 7) and are taken from 
the 19 continuously operated sampling stations 
of the ERAMS Gross Radioactivity and Depo- 
sition Component. Plutonium-238, plutonium- 
239, uranium-234, and uranium-238 analyses 
are performed on a quarterly composite from 
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Figure 7. 


ERAMS Plutonium and Uranium in Air Component 


sampling locations 
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Table 6. ERAMS Plutonium and Uranium in Air Component, October-December 1973 





Concentration * 
(aCi/m* +2¢) 
Sampling location 





Potential sources of 


plutonium or uranium 
ET) a 2381) 





Montgomery %. 5+1.8 17.941. : . é . Background 
Berkeley 71.72 .9 56.72 .7 ° ° ‘ 6 a ae Company 
San Jose, Ca’ 
Lawrence Berkeley Laboratory 
Berkeley, Claif. 
Lawrence —".~ Laboratory 
Livermore, 
26.5+2.5 ‘ . . ‘ ° . Atomics ieearnationsh 
Canoga Park, Calif. 
93.4+6.6 “ ° ° ° ° ° Rocky Flats Plant 
Golden, Colo. 
(*) National Reactor Testing Station 
Idaho Falls, Idaho 
(°) a National Laboratory 
mont., Ill. 
Midwest Fuel Reprocessing Plant 


Morris, Ill. 
230 +14 J é . , Boras, Test Site 
39.2+43.9 


99.0+6.7 . ° ° ‘ ° Nudess Pua Services ” 
West Valley, N.Y. 
(*) Gulf United "Wedear Fuels 


23.7+2.0 


89.2+6.9 . . . . Battelle Columbus Laboratory 
Columbus, Ohio 

Mound Laboratory 

: Miamisburg, Ohio 

Oklahoma City NS Kerr-McGee Cimarron Plant 

Cresent, Okla. 

Portland 6.4+1.1 . d é ° ° ° Hanford Laboratories 
Richland, Wash. 

Exxon Nuclear 
Richland, Wash. 

33.8+43.0 A s $ . . ° Westinghouse 
Cheswick, Pa. 

NUMEC— Babcock & Wilcox 
Leechb' 


urgh, 

Westinghouse "Fuels Recycle 
Anderson, S.C. 

Savannah River Plant 
Aiken, 

Allied Gulf Nuclear Fuel Services 
Barnwell, S.C. 

ay Le Ang Fabrication Plant 


Oak ‘Ridge N National Laboratory 
Oak Ri 

LMFBR ly Site 
Oak Ridge, Tenn. 

(°) Babcock & Wilcox 

Lynchburg, Va. 








60.6 50.5 1. 




















* Any concentration less than the 2¢ error has been reported as zero. 
b Ratio calculated from raw data before rounding 
® Station to be established 
4 Staton to be relocated at Cincinnati. 
¢ Station to be relocated at Pittsburgh. 
NS, no sample. 


each of the 19 sampling stations by the East- for plutonium-238, plutonium-239, uranium- 
ern Environmental Radiation Facility, Mont- 234, and uranium-238, respectively. 

gomery, Ala. The volume of the air sampled 
ranged generally between 25 000 to 40000 m* 
for each quarterly composite sample analyzed. Period aia 
The results from October-December 1973 are October-December 1972 June 1973 
shown in table 6. The minimum detectable January-March 1973 May 1974 


activities are 20, 15, 15, and 15 fCi per sample ae 1978 yw Bh tod 1974 


Other coverage in Radiation Data and Reports: 


October 1974 








SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


from human bone sampling, Alaskan surveil- 
lance, and environmental monitoring around 
nuclear facilities. 





Strontium-90 in Human Vertebrae, 1972’ 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


Since 1961, the strontium-90 content of 
human vertebrae has been measured by the 
Health and Safety Laboratory (HASL). In 
1968, sampling in Chicago was discontinued. 
Data obtained from these programs have been 
used to construct models that attempt to ex- 
plain the variation of strontium-90 concentra- 
tions in bone with age and time. The main pur- 
pose of the work is to provide estimates of the 
radiation dose to man that has resulted from 
the fallout from nuclear weapons tests. In at- 
tempting to construct the models it has become 
apparent that there are serious gaps in our 
knowledge of mineral metabolism, especially 
that of children. The survey data have there- 
fore been used, at times, to gain some insight 
into the metabolism of strontium by children. 
This approach is very difficult because of the 
small numbers of specimens that are available 
and the absence of an exact knowledge of the 
diet of the children from whom specimens were 
obtained. Because it is unlikely that much di- 
rect experimental data from tracer studies on 
children will ever be available, we will be forced 
to rely on the indirect evidence from survey 
results to construct our models. 

During 1972, 284 specimens of human verte- 
brae were analyzed, including 53 from children 
and 67 from adults obtained in New York City 
and 100 from children and 64 from adults ob- 
tained in San Francisco. A summary of the 
results of strontium-90 determinations is given 
in table 1. 


2 Summarized from Fallout Quarterly Summary Re- 
ports, HASL-274 (July 1, 1972). 


October 1974 


Table 1. Strontium-90 to calcium ratios in human 
vertebrae, 1972 





Strontium-90 to calcium ratios 
(pCi Sr/g Ca) 





New York City San Francisco 





(57) 
(14) 


(12) 


~ 


eee 
DAATANONWSH © 











* Number in parentheses indicates number of samples. 


The strontium-90 to calcium ratios for adults 
are relatively constant, as has previously been 
observed. The variations about the mean are 
typical of such survey measurements. The 
average values and standard deviations for 
adult vertebrae in 1972 were 1.39 + 0.39 pCi/g 
Ca in New York and 0.82 + 0.34 pCi/g Ca in 
San Francisco. 

The strontium-90 to calcium ratios for chil- 
dren’s bone show more variation than the adult 
values. Generally higher values were obtained 
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for children than adults in New York, but most 
values were within a factor of 114 to 2 of the 
adult values. In San Francisco, the strontium- 
90 ratios for children had previously been 
slightly higher than for adults, and except for 
the 1-7 month old group, there is no longer any 
indication of higher values for children. Not 
a large number of samples were obtained dur- 
ing the year for the 1 to 20-year-age group. The 
highest value measured in New York vertebrae 
during 1972 was 4.18 pCi/g Ca for a 4-year-old 
child and in San Francisco, 2.82 pCi/g Ca for 
a 19-year-old. 

The higher strontium-90 concentration values 
in New York bone correspond to greater dietary 
strontium-90 intake. The strontium-90 to cal- 
cium ratios in total diet in New York and San 
Francisco during 1972 were 10.6 pCi/g Ca and 
3.6 pCi/g Ca, respectively (1). These ratios 
in diet have decreased an average of 6 to 7 
percent per year during the past 2 years. 


Bone model 


An improved bone model was formulated to 
correlate the strontium-90 concentrations in 
diet and bone (2). The model as it applies to 
adult vertebrae is described by the equation: 


B. = cD, +s ¥ D,.ze™ (1) 


m=0 


where, 
B, = * Sr concentrations in vertebrae in the 
year n (pCi) 


D, = *Sr concentration in diet from mid- 
year in the year n-1 to midyear 
in the year n (pCi) 


c = short-term retention of *Sr in bone 


g = long-term retention of Sr in bone, 
and 


1 — e* = effective removal rate for Sr in 
bone including radioactive decay 
(yr“). 


The formula describes a two compartment 
model, one compartment associated with short- 
term retention of strontium on bone surfaces 
and another compartment in which the stron- 
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tium is more tightly retained in bone. The 
parameters c and g are independent and not 
related to the previously used concept of ob- 
served ratio, since retention can also be asso- 
ciated with processes other than new bone for- 
mation. The effective removal rate or turnover 
rate for strontium-90 in bone is related to the 
rate of bone remodeling, but since strontium- 
calcium discrimination and reutilization are 
not explicit in the model, the removal rate can 
be considered to provide only an upper limit 
estimate of the actual bone renewal rate. The 
factors c, g, and A are constant for adults 
(=> age 20 years) but are age dependent for 
children. 

Variations of the above bone model were 
investigated, such as the inclusion of an ex- 
ponential in the short-term retention term. The 
best fit in this form, however, was with a very 
high order exponential, indicating essentially 
complete turnover of the short-term compo- 
nent during the course of a year. 


The above formula for the bone model main- 
tains a desired simplicity and yet gives ade- 
quate description of the year-to-year changes 
in strontium-90 content of bone. The values 
obtained for the model parameters allow rea- 
sonable interpretation. 


Strontium-90 in adult vertebrae 


The observed strontium-90 concentrations in 
adult vertebrae are shown in figure 1. Addi- 
tional approximate values for the earliest years 
of contamination (1954-1959) in New York 
City from the data of Kulp and Schulert (3) 
have also been included. The adult data include 
only samples from individuals age 20 years or 
older in 1954, thus representing adult metab- 
olism for the entire contamination period. 


A definite decreasing trend in the observed 
values is apparent since 1965, corresponding to 
decreases in dietary strontium-90 intake. The 
relatively large standard deviations about the 
average values preclude extremely accurate de- 
termination of the actual decreases and thus 
the effective removal rates, however, these are 
becoming more firmly established as additional 
years of data accumulate during periods of 
decreasing strontium-90 levels in diet. 
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Figure 1. 


YEAR 


Strontium-90 in adult vertebrae—observations (points with 


standard deviations and bone model predictions, solid line) 


From regression analysis of the measured 
New York City adult diet and vertebrae values 
through 1972 in the above bone model, one 
infers a turnover rate of strontium-90 from 
adult vertebrae of 20 percent per year. A turn- 
over rate of 17 percent per year gives the best 
fit to the San Francisco adult data through 
1972. The best fits to the observed data using 
the bone model are shown in figure 1. 

The model shows peak strontium-90 concen- 
trations in adult vertebrae in 1965, in agree- 
ment with observations. Subsequent decreases 
are achieved with a turnover rate which is 
reasonable, in view of the remodeling and dif- 
fusion processes occurring in bone. The bone 
model appears to be quite responsive to stron- 
tium-90 levels in diet and gives very satisfac- 
tory fits to the observed strontium-90 levels in 
vertebrae. 


Strontium-90 in children’s bone 


The strontium-90 concentration in children’s 
bone can be determined by the formula: 
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Bin = (c+28:) Dyn 


+ (Bi-1.-:— Cy—1, Dis, a—a) e-Ai (2) 


The bone model parameters are defined as be- 
fore. The subscript i indicates the age de- 
pendence. 

For the newborn, the strontium-90 concen- 
tration can be related empirically to the 
mother’s diet. The strontium-90 to calcium 
ratio in bone of newborn varies from 0.1 to 0.2 
times the strontium-90 to calcium ratio in diet 
of the mother during the year prior to the 
birth. An average of about 0.15 is obtained 
from the survey data. 

From the regression results for children, one 
infers that a one compartment, single exponen- 
tial model (c; = 0) applies to children under 
age 8 years. The one compartment formulation 
of the above model closely corresponds to the 
previously used Rivera bone model (4). The 
undifferentiated nature of bone of young chil- 
dren and the relatively high bone renewal rates 
justify the one compartment treatment. 
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Figure 2. Turnover rates for vertebrae inferred from the two 
compartment bone models 
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Figure 3. Retention of strontium-90 per gram skeletal calcium 
(the upper histogram is the total relative retention, c; is the short- 
term component and g; is the long-term component) 


The strontium-90 turnover rates and rela- The relative retention of strontium-90 in 
ive retention as a function of age are shown bone, shown in figure 3, is the fractional re- 
n figures 2 and 3. The turnover rates reflect tention of the dietary strontium-90 intake 
done growth activity and are highest for the (c;+g:) per gram of skeletal calcium. The 
youngest children. Nearly 100 percent per year highest efficiency for strontium-90 retention is 
turnover rate is indicated for the 0-1 year age obtained for the youngest children. Increased 
range. A relatively high turnover rate, about efficiency associated with increased growth is 
40 percent, is maintained through the pre- also indicated for children in the early teen- 
teenage years. The values then decrease to age years. 
the adult value. The magnitude of the relative retention was 
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determined by assuming that vertebrae is rep- 
resentative of the entire skeleton. This assump- 
tion becomes less satisfactory for older chil- 
dren and adults. Initial estimates of body 
burden will be high and estimates at later 
times will be low, assuming less initial reten- 
tion and slower turnover rates for compact 
bone. Integral results should be more repre- 
sentative for the entire skeleton, such as the 
cumulative dose results following a period of 
strontium-90 intake of 1 year or more. 
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Environmental Levels of Radioactivity 
Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors annual reports on 
the levels of environmental contaminants in- 
cluding radioactivity in the vicinity of major 
Commission installations. The reports include 
data from routine monitoring programs where 
operations are of such a nature that plant en- 
vironmental surveys are required. The com- 
plete environmental monitoring reports are 
available from local AEC operations offices or 
from the National Technical Information 
Service at a nominal cost. The portions of 
these reports dealing with radioactivity are 
summarized for Radiation Data and Reports. 
Statements interpreting the radioactivity data 
are those of the USAEC contractors. The units 
for the data as reported in the individual re- 
ports have been converted from the format 
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at Atomic Energy 


required by the AEC to that used by Radiation 
Data and Reports. The Environmental Protec- 
tion Agency has not independently nor critically 
reviewed the data nor the conclusion derived 
therefrom. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Opera- 
tional Safety in directives published in the 
“AEC Manual.” ? 

Summaries of the environmental data follow 
for Portsmouth Gaseous Diffusion Plant and 
Shippingport Atomic Power Station. 


Title 10, Code of Federal Re 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 
of the AEC Manual. 


lations, Part 20, 
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1. Portsmouth Area Gaseous Diffusion Plant? 
January—December 1972 


Goodyear Atomic Corporation 
Piketon, Ohio 


The Portsmouth Gaseous Diffusion Plant is 
owned by the U.S. Atomic Energy Commission 
and is operated by Goodyear Atomic Corpora- 
tion, a subsidiary of the Goodyear Tire and 
Rubber Company. It is located in thinly popu- 
lated, rural Pike County, Ohio, on a 16.2 km? 
site about 1.6 km east of the Scioto River Val- 
ley at an elevation about 37 m above the Scioto 
River flood plain. A map showing the plant 
size and its environs is presented in figure 1. 
The terrain surrounding the plant, except for 
the Scioto River flood plain, is marginal farm 
land and densely forested hills. 

The principal process in the plant is the 
separation of uranium isotopes through gaseous 
diffusion. Ancillary processes include feeding 
material into and withdrawing material from 
the primary process; treatment of water for 
both sanitary and cooling purposes; decontam- 
ination of equipment removed from the plant 
for maintenance or replacement; recovery of 
uranium from various waste materials, such 
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Sampling locations, Portsmouth Area 
Gaseous Diffusion Plant 


as decontamination solutions; and treatment 
of sewage wastes. 


In the operation of a gaseous diffusion plant, 
as in the operation of any industrial plant, 
waste materials necessarily are generated as 
byproducts of the industrial processes. Since 
there is an ever present possibility that the 
wastes may contain environmental pollutants, 
including radioactive materials, the effluents 
from the various facilities are monitored care- 
fully and frequently to assure that excessive 
quantities of pollutants and radioactive mate- 
rials are not discharged into the environment. 
No streams from the plant are left unmoni- 
tored. Where necessary, treatment is provided 
to reduce concentrations to acceptable limits 
before the materials are discharged. In addi- 
tion, water, air, and soil samples are collected 
routinely at many points both inside and out- 
side the plant property to assure that the 
ambient environment has not been polluted 
with radioactive materials or other contami- 
nants. Figure 1 shows the locations where 
samples normally are collected. This report de- 
scribes the various environmental standards 
applicable to the Portsmouth Gaseous Diffusion 
Plant; the sampling, monitoring, and analytical 
procedures ; and the extent of conformance with 
the standards. 


Before July 1972, air samples were collected 
three times each week at four locations, iden- 
tified as points 3, 12, 24, and 29 (figure 1). 
Each radioactivity sample, consisting of ap- 
proximately 28 cubic meters of air, was passed 
through a Whatman #41 filter paper at about 
0.56 cubic meter per minute. The material 
collected on the filter paper was analyzed for 
gross alpha and gross beta-gamma activities. 
In June, permanent sampling stations were in- 
stalled at all four locations and in addition, a 
permanent sampling station was installed at 
location 28 in July. Air samples now are drawn 
through the filter paper, mounted on aperture 
IBM cards, at approximately 1.2 cubic meters 
per hour. The cards are changed once each 
week, after approximately 200 cubic meters 
of air are sampled. 


*Data summarized from “Portsmouth Gaseous Dif- 
fusion Plant Environmental Monitoring Report—1972.” 


Radiation Data and Reports 





Table 1. 


Radioactivity in air, Portsmouth Plant, January-December 1972 





Alpha radioactivity 
concentration 
(fCi/m!*) 


Beta-gamma radioactivity 
concentration 
(pCi/m*) 





Maximum 





Maximum Average 





113 +113 


1134113 








1.594 +0.398 0.209 +0. 057 
1.787+ .447 -2114 .059 
-857 -266+ .095 
-024 -0414 .015 
-272 -284+4 .130 














* The AEC radiation protection standard for alpha radioactivity in air—4 000 fCi/m*; beta-gamma radioactivity—1 000 pCi/m?; sensitivity of analysis 


for both alpha and beta radioactivity is 16.1 fCi/m*. 


Table 2. Radioactivity in water, Portsmouth Plant, January-December 1972 





Alpha radioactivity 
concentration 
(pCi /liter) 


Water 
Number of flow 


samples rate 


Average as 





(m?/s) 
Maximum 


Beta-gamma radioactivity 
concentration 


Average as 
(pCi /liter) 


ercent 
of AEC 
standards* 








Maximum Average 
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® The AEC radiation protection standard for alpha radioactivity in water—30 nCi/liter; beta-gamma radicactivity—20 nCi/liter; sensitivity of analysis’ 


alpha radioactivity—0.5 pCi/liter; beta radioactivity—0.5 pCi/liter. 
>» Not measured. 
ND, nondetectable. 


Average alpha and beta-gamma radioactivity 
concentrations are summarized in table 1. 

Two procedures are used for water sampling. 
Two-liter samples are taken monthly from the 
Scioto River and its tributaries, Little Beaver 
Creek, Big Beaver Creek, and Big Run. Com- 
posite samples are collected continuously (or 
at specific intervals) from the three principal 
drainage ditches serving the plant; sampling 
locations are identified on the map as points 38, 
10, and 11. The composite samples are collected 
in 200-liter drums. Once each week, the water 
in the drums is mixed thoroughly, a 2-liter 
sample is withdrawn for analysis, and the drum 
is drained, cleaned, and installed again in the 
collection system. The 2-liter samples are ana- 
lyzed for gross alpha and beta-gamma radio- 
activity. Radioactivity in water samples are 
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shown in table 2. 

External gamma radiation levels are meas- 
ured routinely at locations 3, 12, 24, 28, and 
29 to serve as indicators of background radia- 
tion. Measurements are made three times each 
week with a calibrated Geiger-Mueller tube at 
a distance of 1 meter above ground level. Aver- 
age background rate for 1972 was 11.7 »R/h, 
which is not significantly different from the 
1954 average rate, 11.9 »zR/h. Background 
radioactivity is shown in table 3. 

The data presented in the tables show clearly 
that radioactivity contamination of the environ- 
ment is not a problem at the Portsmouth Gas- 
eous Diffusion Plant. Maximum concentrations 
of alpha radioactivity in air, beta-gamma in 
air, alpha in water, and beta-gamma in water 
during 1972 were only 10.1 percent, 0.5 per- 
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Table 3. Background radiation, Portsmouth Plant 
January-December 1972 





Exposure rate * 
(uR/h) 





Maximum Average 

















-323. 
-O+3. 
-o4. 
-S20. 
423. 





® Open-shield Geiger tube 0.9 meter above ground; limit of sensitivity— 
0.1 wR/h. Average background exposure rate for the Portsmouth Gaseous 
Diffusion Plant in 1954 was 11.9 uR/h, not significantly different from 
present rates. 

> Total for the year. 


cent, 2.0 percent, and 11.6 percent of the AEC 
standards, respectively. None of the averages 
was greater than 1.4 percent of the AEC 
standards. As may be seen in table 2, the only 
significant concentrations of radioactivity in 
water were found in samples taken downstream 
from the X-70-B holding point, which receives 
all radioactive decontamination solutions from 
the plant. In addition, the background radia- 
tion is essentially the same as it was in 1954. 
Obviously, there is no widespread radioactiv- 
ity contamination occurring. 


Recent coverage in Radiation Data and Reports: 


Period 


January—December 1971 


Issue 
January 1974 





2. Shippingport Atomic Power Station‘ 
January—December 1972 


Duquesne Light Company 
Shippingport, Pa. 


The Shippingport Atomic Power Station is 
located on the south bank of the Ohio River on 
a 1.8 km? site. The site is approximately 1.6 
km from Midland, Pa., 8 km from East Liver- 
pool, Ohio, about 40 km west of Pittsburgh, 
and about 18 km below the confluence of the 
Beaver and Ohio Rivers (figure 2). 

Operation of the pressurized water reactor 
at the Shippingport plant has supplied power 
to the Duquesne Light Company system, in 
addition to providing technology which has 
served as a basis for the development of pres- 
surized water reactors in the nuclear industry. 
The present nuclear reactor installed at Ship- 
pingport is designed to produce 150000 kilo- 

*Summarized from “Environmental Monitoring at 
Major U.S. Atomic Energy Commission Contractor 


Sites, Shippingport Atomic Power Station, January- 
December 1972.” 
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watts of electrical power, although it is nor- 
mally operated at or below the electric turbine- 
generator capacity of 100 000 kilowatts. 
Liquid effluents from the plant are collected, 
processed, sampled, and analyzed to ensure 
conformance with the applicable water quality 
standards prior to release to the environment. 
Liquid effluents containing radioactivity are 
processed to reduce the amount of radioactiv- 
ity to the lowest practical level. All releases 
of radioactivity from the plant site from initial 
operation to the present time have been care- 
fully controlled to levels well below those speci- 
fied in Atomic Energy Commission Manual 
Chapter 0524. Shippingport releases have been 
less than the limits agreed to with the Common- 
wealth of Pennsylvania. In addition, releases 
from the AEC contract portion of the power 
station have been in compliance with the water 
quality standards specified by Atomic Energy 
Commission Manual Chapter 0510 and have 
been within the guidelines established by the 
Ohio River Valley Water Sanitation Commis- 
sion (1), and the Commonwealth of Pennsyl- 
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Figure 2. Shippingport Atomic Power Station sampling locations 


vania (2). The results of environmental mon- 
itoring at Shippingport Atomic Power Station 
during 1972 show that plant operations have 
had no significant effect on the natural radia- 
tion levels in environment outside the station. 


Effluent water quality 


Water containing radioactivity is generated 
primarily from draining the reactor coolant 
system and decontaminating equipment. The 
plant is equipped with systems to collect and 
process this water and remove most of the 
radioactivity before it is released to the Ohio 
River. 

The principal source of radioactivity in 
water from the reactor coolant system is trace 
amounts.of corrosion and wear products from 
the inner-metal surfaces of the reactor plant. 
The primary long-lived corrosion product ra- 
dionuclide is cobalt-60, with a half-life of 5.3 
years. This radionuclide has also been shown 
to be predominant by independent analysis by 
the Bettis Atomic Power Laboratory. In addi- 
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tion, a number of short-lived radionuclides are 
produced in the reactor coolant along with 
relatively long-lived tritium, which has a 12.3 
year half-life. Because of the small initial con- 
centrations and rapid decay, the concentrations 
of the short-lived radionuclides are negligible 
after holdup of the water in the radioactive 
liquid processing system, leaving the longer- 
lived cobalt-60 and tritium. 

Fission product concentrations in the reactor 
coolant have been low relative to the levels of 
corrosion product radioactivity because the 
fuel element cladding has not had defects. 
Very low levels of fission products in reactor 
coolant are produced by fission of trace amounts 
of natural uranium impurities in the fuel 
cladding. 

Prior to release from the site, water con- 
taining radioactivity is carefully processed 
through the radioactive liquid processing sys- 
tem to remove most of the radioactivity. This 
system includes filtration, ion exchange, evapo- 
ration, and equipment for monitoring the radio- 
activity levels in the holdup tanks. 





During 1972, a total of 138 mCi of long-lived 
gross beta-gamma radioactivity, exclusive of 
tritium, and 670 mCi of tritium were released 
to the Ohio River. In addition, 1 mCi of 
fluorine-18 was released from the plant. Fluo- 
rine-18 has a half-life of less than 2 hours. These 
amounts of radioactivity are too small to have 
had any effect on the natural radioactivity 
levels in the Ohio River. The average concen- 
tration of radioactivity in water released to 
the Ohio River was 0.22 percent of the AEC 
standard for total activity, exclusive of tritium, 
and 0.018 percent of the concentration stand- 
ard for tritium in water. 


Gaseous radioactivity 


Normal reactor operation produces radio- 
nuclides such as noble gases from the fission 
of trace impurities of natural uranium in reac- 
tor structurals and from irradiation of the 
reactor coolant water. Since there have been 
no defects in fuel element cladding, the fission 
products level in the reactor coolant have been 
low. Gases are removed from the reactor cool- 
ant system by venting to the gas system. The 
vent gas system contains the gases for sufficient 
time to permit radioactive decay and sampling 
of the gases for analyses prior to release to the 
environment. 


A total of 1 mCi of radioactive gases, pri- 
marily xenon-133, was released from the vent 
gas system to the environment during 1972. 
In addition, an estimated 1 mCi of xenon-133 
was released by all other paths from the plant. 
The total airborne and gaseous radioactivity, 
xenon-133, released from Shippingport over its 
operational history since December 1957 has 
been less than 1 curie. The small amount of 
gaseous radioactivity released from Shipping- 
port has had no significant effect on the natural 
radiation levels in the surrounding area. 


Environmental monitoring program 


Environmental monitoring surveys adjacent 
to the Shippingport plant have been performed 
since prior to initial startup in 1957. A con- 
tinuous environmental monitoring program has 
been carried out during the 15 years of plant 
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operation to assure the adequacy of procedures 
and limits for the release of radioactivity. 
Water from both upstream and downstream 
sampling points in the Ohio River has been 
sampled continuously and analyzed weekly, 
sediment samples from the river have been 
taken from upstream and downstream sam- 
pling points quarterly and film badges around 
the boundary of the station and from a 16-km 
distance control point have been evaluated 
monthly. See figures 2 and 3 for monitoring 
and sampling locations. The results of these 
surveys have been reviewed both by the U.S. 
Atomic Energy Commission and the Commis- 
sion’s Bettis Atomic Power Laboratory. 

In addition to the environmental monitoring 
program conducted by Duquesne Light Com- 
pany, an independent environmental survey of 
the Ohio River in the vicinity of Shippingport 
was performed during November 1970 by Bettis 
Atomic Power Laboratory. Bettis Laboratory 
concluded that Shippingport Atomic Power 
Station operations have had no adverse effect 
on the Ohio River. 


Ohio River water analysis 


During 1972, weekly composite samples were 
analyzed from two continuous automatic sam- 
plers in the station circulating water line up- 
stream and downstream of the radioactive 
waste effluent release point. These samples 
were analyzed for gross alpha and beta-gamma 
radioactivity, on both suspended and dissolved 
solids, and also for potassium-40 content. As 
depicted in table 4, no significant difference 
was observed among the average alpha, beta- 
gamma and potassium-40 radioactivity for the 
influent and effluent samples for the river sam- 
ples obtained during 1972. 


Ohio River sediment analysis 


The Ohio River bottom silt in the vicinity of 
Shippingport is sampled quarterly, to a depth 
of approximately 5 cm, upstream and down- 
stream of the plant release point. During the 
years of plant operation, and even before plant 
operations began in 1957, measurements of 
sediment have shown a wide variation in radio- 
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Figure 3. Shippingport liquid and gaseous effluent discharge points 


Table 4. Gross radioactivity in the Ohio River, Shippingport Atomic 
Power Station, January-December 1972 





Average concentration 
(pCi/liter) 





| 
Apr- | July- 
June Sept 





Alpha: > 
otal solids 








Upstream 
Downstream 


Upstream 
Downstream 
Upstream 
Downstream 

















* The number of sample sets, both upstream and downstream. 
_» The 90-percent confidence level of average alpha radioactivity determinations is 0.2 pCi 


er. 

nC jw 90-percent confidence level for average beta-gamma radioactivity determination is 0.7 
i/liter. 
¢ The 90-percent confidence level for average potassi 40 radi 

pCi/liter. 


activity, both upstream and downstream, caused 
by the radionuclides uranium, thorium, and 
daughter products of radium which occur nat- 
urally throughout the Ohio River basin and 
are washed into the river. Over the years, 1967 
through 1971, the radioactivity in silt samples 
taken upstream from Shippingport, and thus 
reflecting natural radioactivity, varied between 
2.5 and 17.0 pCi/g, with an average value of 
8.2 pCi/g. This wide variation was also ex- 
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tivity determination is 0.4 


hibited in the downstream silt measurements, 
which have an average value of 9.0 pCi/g. 

In 1972, the river sediment sample activity 
averaged 2.4 pCi/g upstream and 2.8 pCi/g 
downstream, which is significantly below pre- 
vious years. This is due to an improvement in 
counting capability which has provided a higher 
sensitivity. Since previous samples were within 
the minimum detectable activity range of pre- 
vious methods, this greater sensitivity is re- 
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flected by activity values below those which 
were previously detectable. Consistent with the 
results of previous years, there is no significant 
difference between the 1972 upstream and 
downstream sediment sample activities. The 
small amount of radioactivity released from 
Shippingport Atomic Power Station has had 
no significant effect on the radioactivity levels 
of the river sediment. 


Environmental radiation monitoring 


Twelve beta-gamma film badges are posted 
and processed monthly throughout the year at 
the site perimeter. To determine the normal 
background levels of radiation in the vicinity 
of the station, a control film badge location is 
established 16 km from the station boundary 
in Bridgewater, Pa. 

For the year 1972, the measured exposures 
on the site perimeter monitoring films were not 
measurably different from the natural back- 
ground exposures on the control films. The mon- 
itoring results show that the radiation expo- 
sure to the general public outside the station 
is not above that received from natural back- 
ground radiation. 


Estimates of radiation dose to man 


Even though the results of environmental 
monitoring show that the small amounts of 
radioactivity released from Shippingport have 
had no significant effect on the surrounding 
environment, conservative estimates of the radi- 
ation dose to man from radioactivity released 
have been made by analyzing the pathways 
whereby radioactivity might be transmitted 


from the environment to man. These analyses 
considered direct exposure, such as by drink- 
ing Ohio River water, and indirect pathways 
such as consumption of fish. These analyses 
showed the exposure to man from this radio- 
activity would be far too low to measure and 
could only be estimated through conservative 
calculation. Based on the radioactivity released 
during 1972 (table 5), the maximum radiation 
exposure in 1972 to any member of the general 
public would be less than 0.074 millirem. The 
maximum radiation exposure to any member 
of the general public and the exposure to the 
population within an 80-km radius of Shipping- 
port are significantly less than 1 percent of 
the AEC standards. Thus, radioactivity re- 
leased from Shippingport has not caused sig- 
nificant radiation exposure to the general 
public. 


Conclusions 


The small amounts of radioactivity released 
from Shippingport Atomic Power Station were 
far less than the limits specified by the Atomic 
Energy Commission and the Commonwealth 
of Pennsylvania. The results of the environ- 
mental monitoring described in this report 
show that Shippingport operations have had 
no significant effect on the environment around 
the plant. 


Previous coverage in Radiation Data and Reports: 


Period 
January—December 1971 


Issue 
October 1973 


Table 5. Annual liquid and gaseous radioactive waste discharges 
Shippingport Atomic Power Station, 1970-1972 





Radioactive liquid wastes 
released to the Ohio River 


























* No gases were released due to adequate holdup capacity. 
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Erratum 


An error occurred in table 3 (Laboratory gamma analysis 
of the dissolved component of water samples) page 44 of the 
report “A Radioactive Isotopic Characterization of the En- 
vironment Near Wiscasset Maine:.. .” that appeared in the 
February 1974 issue of Radiation Data and Reports. The 
second sample under “Young’s Creek” should have appeared 
as the first sample under “Chewonki Neck.” The corrected 
table appears below. 


Table 3. Laboratory gamma analysis of the dissolved component 
of water samples * 





Location and 

distance from col- Date Potassium > Radon-222 
reactor site lected | counted| (g/liter +2¢) pci (pCi /liter +2¢) 

(1972) (1972) liter +2¢) 





Foxbird Island 
0.1 km S 6/13 6/22 . . <2.0 <4.0 
6/13 6/22 R <2.0 <4.0 


6/13 6/22 <2.0 81.0413.0 
6/13 ° <2.0 <4.0 


6/13 6/22 . <2.0 <4.0 


6/13 6/22 -10 <2.0 98.2+19.2 
6/13 -10 <2.0 <4.0 


6/13 6/22 -19+ .06 <2.0 <4.0 
6/13 6/22 -162 .06 <2.0 <4.0 























* All samnles were counted for 50 minutes in a 3.5 liter Marinelli beaker geometry. 
> Determined by measuring potassium-40 





Reported Nuclear Detonations, September 1974 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U.S. Atomic Energy Commission reported a nuclear test in the yield range of 20-200 
kilotons was conducted at its Nevada Test Site on September 26, 1974, by the Atomic Energy 
Commission. 





Not all of the nuclear detonations in the United States are announced 
immediately, therefore, the information in this section may not be com- 
plete. A complete list of announced U.S. nuclear detonations may be ob- 
tained upon request from the Division of Public Information, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


ENVIRONMENTAL MONITORING AND DISPOSAL OF RADIO- 
ACTIVE WASTES FROM U.S. NAVAL NUCLEAR-POWERED 
SHIPS AND THEIR SUPPORT FACILITIES, 1973. M. E. Miles, G. L. 
Sjoblom, J. D. Eagles. Radiation Data and Reports, Vol. 15, September 
1974, pp. 625-646. 


The environmental effect of disposal of radioactive wastes originating 
from U.S. Naval nuclear propulsion plants and their support facilities 
is assessed. The total radioactivity, less tritium discharged to all ports 
and harbors from the more than 100 Naval nuclear-powered ships and 
supporting tenders, Naval bases and shipyards was less than 0.002 curie 
in 1973. The total tritium released to all ports and harbors was less 
than 1 curie in 1973. This report confirms that procedures used by the 
Navy to control releases of radioactivity from U.S. Naval nuclear- 
powered ships and their support facilities are effective in as the 
environment and the health and safety of the general public. 


KEYWORDS: Discharges, disposal, harbors, monitoring, nuclear-pow- 
ered ships, radioactivity, U.S. Naval, wastes. 


RADIONUCLIDES IN FOODS: MONITORING PROGRAM. R. E. 
Simpson, E. J. Baratta, and C. F. Jelinek. Radiation Data and Reports, 
Vol. 15, October 1974, pp. 647-656. 


In January 1973, the Food and Drug Administration notified its food 
monitoring program to include the radionuclides strontium-90, cesium- 
137, iodine-131, ruthenium-106, and potassium-40. Samples from eight 
composite food categories from each of eight separate total diet market 
baskets plus eight imported commodities from each of 13 separate cities 
were forwarded to the Winchester Engineering and Analytical Center 
for analysis. This paper describes the market basket program and gives 
a breakdown of the types of foods and quantities of each. 

The radionuclide levels found in the total diets analyzed in Fiscal 
Year 1973 are within Range I of the appropriate guidelines, indicating 
the need for continued surveillance only at the present level. 

The levels of radionuclides found in the limited types of edible im- 
ported commodities are low enough such that their contribution to the 
total diet would not be expected to raise the levels of these radionuclides 
above Range I of the guides. 


KEYWORDS: Diet, food, cesium-137, iodine-131, potassium, ruthenium- 
106, strontium-90, United States. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 


Proposed 


reports and notes should contain data and 


interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
SNe nor have appeared in any other publica- 

ion. 


The mission of Radiation Data and Reports is stated 


on the title page. It is suggested that authors read it 
for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
doubled-spaced on 8% by 11-inch White bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ation Data and Reports, AW-561, EPA, Office of Radia- 
tion Programs, Waterside Mall East, Room 615, Wash- 
ington, D.C. 20460. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiation Data and Reports. In addition, past issues of 
Radiation Data and Reports would serve as a suitable 
guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and _ concisely 
state the purpose of the investigation, methods, results 


and conclusions. Findings that can stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both o d and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. ie 
Illustrations: Glossy photographic prints or original 


illustrations suitable for reproduction which help en- 





hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 
ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 
cepted units of measurements is preferred. A brief list 
of symbols and units commonly used in Radiation Data 
and Reports is given on the inside front cover of every 
issue and examples of most other matters of preferred 
usage may be found by examining recent issues. Isotope 
mass numbers are placed at the upper left of elements 
in long series of formulas, e.g., “Cs; however, elements 
are spelled out in text and tables, with isotopes of the 
elements having a hyphen between element name and 
mass number; ¢.g., strontium-90. 





References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 


Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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